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BUY WORTHINGTON PUMPS 
LOCALLY IN 235 CITIES 


Take a look in your Yellow Pages under 


“pumps” and see. Chances are over- 
whelming that you'll find a Worthing- 
ton dealer there, and only a local call 
away. We have over 235 distributors 
covering nearly every trading area in 
the country 

So what’s your advantage? One is 
that if you standardize on Worthington 
standard pumps, for locations coast- 
to-coast, Worthington can be a local 
supplier to every installation. Another 
is that you’re dealing locally, face-to- 
face with men who are willing to be 
held responsible—and who will be there 
when needed 


CIRCLE 201 ON READER SERVICE CARD 


Extremely important—you get very 
quick service. Remember, over 200 of 
these distributors stock parts—seals, 
bearings, packing, impellers—the kind 
of parts that handle 19 out of 20 
emergencies. And many stock a variety 
of commonly used pumps. 

Perhaps, however, what’s of most 
interest to you is the seven regional 
Worthington assembly points. They’re 
all F.O.B. points—even the furthest 
plant from a Worthington assembly 
point pays less than 800 miles freight 

. and you’re probably much closer. 
From any one of these locations we 
can deliver more models than most 


other manufacturers build all together 

If you don’t know who your Worth- 
ington distributor is right now—take 
a quick look in the Yellow Pages. We 
think you'll like the service you get 
Worthington Corporation, Section 
20-20, Harrison, N. J 


WORTHINGTON 
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FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Oriented nylon to double life of belts 

Stronger fiberglass products for Space Age applications 
Titanium alloy aims for 900 F 

New resin family coming up 


Reversible fluid drive features hinged-blade control 
Bearing specification questioned; new standards urged 
A look ahead at testing equipment 

Pulse pump applies rotary cam action to outside of tubing 
Overrunning couplings have large driving surfaces 


Ceramic magnet features high residual induction 
Voltage oddity is re-examined 
Electrolytic timer has no moving parts 


New process increases plastic’s oxidation resistance 
Bonded-foil members offer high strength, light weight 
Soviets head for stronger glass 


Retractable seal makes cleaning easy 
Prestretch gives stiffer sheetmetal panels 
Floating arbor positions shells for molding 
Cover story—Purification: the history of filters 


Ocean areas to be launching pads 
World’s fastest microwave facsimile reported 
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New steels are 
born at 
Armco 


Drawing this attractive range top from Armco Enameling tron (Drawing 
Quality), Welbilt Corporation, Maspeth, Long Isiand, N. Y., had only eight 
rejects in a recent run of more than 3,000 tops 


3,000 Deep Draws... 
Only 8 Rejects 


The one-piece top for Welbilt Corporation's new range 1s al 
especially tough draw. Yet, on a recent run of more than 3,000 
tops made of Armeo Enan eling lron,. there were only eight rejects 
ar of one per cent 
If rejects are boosting costs or inhibiting design by forcing vou 


to avoid deep draws, itwill pay youtotry Armco | nameling lron 


AIDS DESIGN IMPROVEMENT 


The drawability and many other adv: nlages ot this well know! 
enameling metal also enable you to make full use of the heat and 
corrosion resistance, durability, and color of porcelain enamel 
You can design and economically prod ice colorful produc ts will 
new and dramatic sales-making appeal. 

For complete information on (rmeco Ienameling lron, and 
how it can be used in your products, write Armco Steel Cor 


poration, 3190 ( urtis Street, Middleto vn, ( hio 


ARMCO STEEL 


Armco Division « Sheffield Division * The National Supply Company + Armco Drainage 
Meta! Products, Inc. * The Armco International Corporation + Union Wire Rope Corporat 
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week later Sir Robert Moray received word that tl 
had heard of the Gresham College meeting 
ipprove of it and would be ready to give Our Chicago District Sales Manager, aft 
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ich King Charles II inscribed his name followed 1 tour of the West Point grounds. When 
rd “founder officially established the societ particular statue he said Now this 
the Roval Society of London for the Im the Union soldiers lost in the Civil War Af 
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NEXT WEEK IN PRODUCT ENGINEERING 


Stainless Honeycomb Sandwich Panels 
An introductory article that gives the basics of design, with emphasis on 
materials and practical details of construction 


What Every Young Engineer Should Know 
Does someone you know need advice on the start of his career? If so, hand 
him this summary. 


How Good Are Randon-wave Vibration Tests? 
Specifications calling for the random method should be sharply curtailed. This 
article tells why. 


What Torque to Tension Plated Bolts? 
For a given torque, tension will vary inversely with the coefficient of friction 
which is affected by whether plating goes on bolt, nut or washer 


When Was That Patent Issued? 
For a close approximation of the date, all you need is the patent number and 
this table. 


One Spring Returns the Hand Lever 
A half-dozen more designs in which a flat, torsion or helical spring does the job 
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ELECTRONICS....HYDRAULICS....HEAT TRANSFER....LUBRICATION 


NUCLEONICS....SONICS....COOLANTS....DIELECTRICS: 


Monsanto Specialized Fluids and new 


FluiDesign Service can help you benefit from 


A RENAISSANCE IN 
ENGINEERING DESIGNS 


Conventional fluids (water, oil) impose well-known restrictions on engineer 
ing designs. Heat, radiation, fire hazard, shear, electrical requirements, 
extreme pressure, friction—all cause problems—limit you in design flexibility, 


in imaginative thinking, in new ideas. 


Monsanto’s specialized synthetic fluids—chemically tailored to minimize 
many design restrictions in power transmission, lubrication, heat transfer, 
insulation, cooling—-make new and improved designs practical. Spawned by 
advances in specialized fluid properties and broadening of fluid functions 

a renaissance in engineering concepts is starting now. These specialized 


fluids open new design opportunities for your exploration. 


Monsanto’s new FluiDesign Service—established to help you meet your 
needs best from the capabilities of some thirty specialized fluids—can give 
you valuable guidance at the outset of your design exploration and engineer- 
ing planning. For example, the next two pages provide you with the 
FluiDesign Service Report, “‘Fire-Resistant Fluids for New Mechanical 
Applications.”’ Among the fifteen fluids described, one or more may allow 


you to engineer your next design for safer, more efficient performance. 


Be sure to get your fact-packed Fluid Data File... 
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From Monsanto FluiDesign Service... 


FIRE-RESISTANT FLUIDS FOR NEW 


The fifteen fire-resistant fluids described here 
now at work in industrial and aircraft 
hydraulics, heat transfer and other mechan- 
ical applications which require a firesafe fluid. 
When you need a fire-resistant fluid for any 
application, one of these Monsanto special- 
ized fluids may be adaptable to your job. 


are 


Consider how these and other specialized 
fluids might solve special-design engineering 


Flash point, °F., 
Cleveland Open Cup 


Fire point, °F., 
Cleveland Open Cup 


Autoignition temp., °F. 
Viscosity, cs. 

100°F. 

210°F 


Pour point, °F. 


Boiling point, °F. 
760 mm. Hg 


Max. bulk temp., °F. 
long term 


Coefficient of thermal 
expansion, per °F. 


Specific heat, 25°C. 


Thermal conductivity 
Btu /hr. /ft.*/ft. /°F. 


Bulk modulus, psi 


Specific gravity, 
25° /25°C. 


Resistivity, ohm-cm, 
25°C. 


Dielectric strength, 
25°C., 60 cps., 0.1 in 


Dielectric constant, 
25°C., 1000 cps. 


Power factor, % 
1000 cps., 25°C. 


Original use aircraft 


hydraulics 


aircraft 
hydraulics 


problems for you. If one of these fifteer 
does not meet your present requirements 
Monsanto FluiDesign Service will make 
other recommendations for your application 
Just send a brief description of the condi- 
tions which your fluid must meet. 


For the specific properties you need, only 
Monsanto can make and help you select from 
so many kinds of specialized fluids, including 


Pydraul 
150 


Pydraul 
A-200 


Pydraul 
F-9 


Pydraul 
60 


435° 380° 430 380 


0.00042 0.00040 


0.40 ).28 


2.2 


ndustrial 
hydraulics 


industrial 
hydraulics 


industrial 
hydraulics 


industrial 
hydraulics 
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MECHANICAL APPLICATIONS 


phosphate esters, silicate esters, diphenyl and 





‘ 
’ 


terphenyl and chlorinated derivatives ; 

Monsanto has the best facilities and broadest MONSANTO CHEMICAL CO 
know-how for making the widest variety of Organic Chemicals Division 
fluid “‘base’’ stocks and additive modifiers of FluiDesign Service, Dept. 27648 
any chemical manufacturer. Whatever your St. Louis 66, Missouri 
requirements, consult Monsanto if you need 

a fluid for a new product or machine-de 


Sign conce pt 


Pydraul Pydraul Transformer 
625 AC Askare! 


46( 


0.00040 - 0.00040 0.00038 0.00039 ).00037 


0.29 0.27 ).26 


<0.1 <0.1 0.1 <0.1 0.1 0.1 


industrial air- turbine and plasticizer plasticizer capacitor heat capacitor transformer 
hydraulics compressor compressor impregnant; transfer impregnant _ dielectric 
lubrication lubricant heat transfer 
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—_$_$_————_=___—_—_———_— 
DEVELOPMENTS TO WATCH... 


Oriented nylon to double life of belts 


+ 


| heavy-duty service, Spencer Chemical has cooperated wit! OOK Rubber Co in 

developing an oriented nylon reinforcement that promises to extet mvevor belt life 

under conditions of severe impact and abrasion. Convey Its of the new type hav 

been under test fo re than a vear, and are now being lal ymmercially 
premium pt it th tart it 


| 


UPeed 


Stronger glass fiber products for Space Age 
New fibc ind fab ittering greater rigi 
istance bei introduced by 


ts Inc, t 


mbustiot 


wound rocket motor cases—where 

Svnthane Cx rp is intr xlucing a glass laminat 
vhich, it savs, s the g I properties of standard g 
temperature is, too, vites new applicat 


Note ror CTISIN repo! reinforce | piast 


Reversible fluid drive features hinged-blade contro 


Hinged blades whose position can be altered to p 


vav trom freewheeling to direct coupling ( 
lesigned by Erwin Gottlicher, St. Veit a.d, Go 

\ control rod varies the effective width exposed to 
by the housing blades. On the extreme position the blade 


torcing the spoked wheels on either side of the hinged 


that the drive acts as a friction clutch 


























VANE WHEEL DIAGRAM shows 


\ ious il d blade positions 























HYDRAULIC DRIVE cross-section—fixed blades are HINGE ARRANGEMENT is 
n housing and hinged movable blades between shown in this view At left 
spoked wheels. Control rod provides axial movement blades fully closed (freewheeling 
if slideable spoked wheel to vary the effective width position). At right: fully opened 


of the hinged blades for a transmission ratio of 1:1 
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Bonded-foil members offer high strength, light weight 


\ process developed for multilaverc 
fabrication of unusual structura 
Che technique, now being é y mm 
thin lavers of foil (0.0035 ¢ 0005 ind bondi 
produced this way is said to yhter than 
First application is expe » be aluminum piy 
Leynolds Metals is the licensec But James F. Barn 


that, by a slight change in manufacturing techniqu 


be produced. Fur I ) I ymbinat 


if red st 


streng 


Bearing specification questioned; new standards urged 
f MIL-B-5687 


u 


ign pal mete! 


ahi ; 


manufacture! 


LIS proble m 


sidua nduction i ga 
by D M Steward Mfg (¢ 
sic coercive force of 305 te is Claimed to ha 
rsible temperature | m nergy product is 2.1 
lemperature coefficient dual mduction, resistivity 
parable to those of previou lable materials, and mechanica 


| 
ibility are claimed to be great nn it oO ym petitive 


Titanium alloy aims for 900 F 
With an ec Te 


tanium alloy containing 
mposition, savs TMC 
stressed and loaded part 
00 F, is lighter in weight 
ommercially available alloy 


f Ti-6A1-4\ 


New process increases plastic’s oxidation resistance 


hation under cont 
’ propertic 


plastic 


in extens! 
The trick her 
inge, followed 
mm 
y 1. 1 
poivp )} 
successful 


p? . 1 ] ; ; ] +} . } 
) Vpi pViCne Ca ! 1cW ne 10 


lation, excellent strength, and enhanced in 


inked polypropylene—polvyethyle 


st is held to a minimum 


Ihe process has not yet be 
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THE FIRST 
-SHLICON DIODE ...... 
— COMPUTER-PREDICTED 
RELIABILITY 





YOU CAN'T ARGUE WITH COMPUTER LOGIC. 


Computer processes applied to product 
sis by Princeton Electronics Corporat 
Jards of reliability in silicon diodes. PEt 
Jiodes for computers and othe f 
veloped the use of f 
nd produc 


— " ( The life history of every dio 
—_—<togically besi—___ for analysis and evaluation 


effort towards complete re 


Every design engineer understands the need for ext 
n electronic components, particularly for complex sy 
neer could deny the advantages of this newest, most exa 
f manufacture, testing and evaluating potential perforn 








Write today for complete information on the 
P.O. BOX 127. PRINCETON, NEW JERSEY computer-predicted performance 








WHAT'S 


Soviets head for search aimed at improving glass, thermal cycling has no influence 
stronger glass PI Nov 17 °58, p 10 and Feb 23 their mechanical and structure stab 


7, Pp 4 ity,” and vacuum tightn 
In a new attempt to make th maintained to 1150] 
strength of glass approach its N — | As the case with so many oth 
limit, Soviet Academicians ew resin family the PDienes found thet & 


' quartet of approaches coming up tron irradiation raises the mechan 


~— 
lel work being done in In the early research stage at in trength and lowers the elongation 


bi : , : 
but may turn up som dustrial and university research labs bi gain, thev sav, “The differ 
mong th most pron , 
\ S © MOS | , 1 new series of resins that prom ween unirradiated and 
ises to provide an array of materia aterials do not appt 

if iimium sulfa ( fo 


mpounds into glas 


! 


r electrical products, fibers, film 


ind extruded shapes f their report 


} 


tructures that may al , 
ucturé Che newcomers ar iemicall n, Adolph and Ch 
' 


c properties | 
i prope;rcic lated to Hercules Powder ( ompan lal f examination 


roducing organi Penton, and grouped with it und 
: ri? y the ; ] . 

nerizing them in place the family name of polvoxetan 
six 7 ’ | T r} SS 

VINE ultrahigh —_ pressu Ihev’re expected to offer good lh 
0° atmospheres) to compre \ semiconductor de amplifier, 


ichieves low drift without 


esistance (well above 212 F), dimen 


} 


trengthen the material sional stability, and chemical resist 


Replacing the sodium and the incing adjustments 


ince. Big problem right now: findin 
ient-selection svstems 


} C; n ( ( 
duction method. Among the research ‘ Lennox of 
n the |} y iner hall Ver ‘ 7 I 
in the hope of producing a fine ers: DuPont. Purdus iver atomic energy p 


itassium ions normally found in 


} 


with the much smaller lithium . 


i simple, comii¢ cially idaptable pr 


ture and in creating, on the su rct diagrams and _ perforn 

ce at least, a layer of greater strength , rts are contained in CREI 

| higher thermal expansion. briefs . . . 103 (21 pages, $1), available f 

S. M. Brekhovskih, writing in th New sintered aluminum powder a! Scientific Document  Distribut 
Sovict Publication Steklo i Keramika, loys withstand temperatures at least Off Atomic Energy of Canada Lt 
1otes that research on all 4 approaches to 840 F, with little change in m Chalk River, Ont. Also avail 

still in its early stages. Lithium chanical properties o1 structural stabil companion report (CREL-902 
glasses are, however, being prepared itv, Danish Atomic Energy Commi scribing a semiconductor-diod 
ind studied at the Bvelorussian Poly sion researchers report. Thin-walled modulator used as an input el 
technic Institute tubes start to crack at 930 F and for the amplifier. It’s priced at 


Note: For information on US re thicker parts blister at 1150 F; but ARG 





A look ahead at test equipment for 800 F and using new types of fluids (PE—Oct 


' 
Size and complexity of pneumatic and hydraulic tes p 45 test equipment will have to be souped 
quipment for tomorrow’s aerospace equipment (and mam siderably, and substantially redesigned—particularly for th 
ind-based svstems as well will increase 300% in the cryogenic range (sec chart Greatest need is for f 
ide, the \erospact Industries Assn predicts With safety devices. autom hutdown and malfunctioi 
rath ystems operating at temperatures to 1600 | tion systems, better dynamic seals, and improved a 


res to $000 psi, and hydraulic systems heading of instrumentation 




















PNEUMATIC TESTING 


TEMPERATURE-AND PRESSURE-REQUIREMENT trends 
ire indicated by these AIA charts 
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Ocean areas considered for launching pads 


Plans to launch satellites and rockets from the sea ar ider consideratio NASA 
ind Dept of Defense are both studying a joint proposal made by Aerojet-Genera 


Corp and ‘Todd Shipbuilding Corp to use ocean areas for rocket launchin 


lhe two companies are seeking government contracts to make detailed engineer 
ing studies of the project and determine comparative costs of an ocean launch 
system with costs of the conventional land installations. 


ring hedule steps up on satellite launchu 


ompany spokesmen say, to move to ocean launch-site 


Incoming Administration expected to jounce the space program 


When the Kennedy-Johnson Administration takes over, observers are looking fo 
1 major shakeup in the space program. Big issue 1s the continued duplication 


| 


ind squabbling between the military and the NASA over space programs Ihe 


division between “civilian” and “militar ipplications of space is proving to be 


impractical and unwieldy 


Vice-Pres-clect Lyndon Johnson is expected to have a strong voice in a reorgani 
zation of the space program. As head of the Senate Space Committee in Congress, 


Johnson is known to be peeved over the lack of central direction of the program 


Under the present setup, for example, both NASA and the military are com 
peting for funds to develop an active satellite-communication system; and both 
are developing super rocket boosters. Contractors have been complaining for som¢ 
time over the confusion that goes with submitting project proposals under the 


present rangement 


World's fastest microwave facsimile reported 


\ Ingh-speed clectronic “document retnever,’ billed as the world’s fastest, ha 
been unveiled by the Navy's Bureau of Ships. It was developed by the Hogan 
laximile Div of ‘Telautograph Corp over a 3-year period at a cost of some $270,00 
Design and engineering data for ship construction will be transmitted via micro 


vave facsimile to Navy shipyards as the first use of the equipment 


Combined with a microfilm rapid selector, the scanning and receiving units of 
the document retriever can transmit 4320 sq in. of copy per min. with a resolution 
of 100 lines per inch. Engineers can work directly from the transmitted facsimil 


Navy plans to evaluate the retrieval equipment for around six months. Ulti 
nately it wants to link all 11 Navy shipyards with the Bureau of Ships headquarters 


} 


in Washington. Design and engineering data will then be flashed to the sh 


ip 
vards Even instruction manuals and other such material are planned to be 


listributed via the new system 


Advantages of the document retriever are more speed and less cost. 
in be transmitted by the Bureau of Ships to the yards in 
\nd the cost of the tons of blueprints necessary for the Navy 
rogram can be reduced from the 5¢-per sq-ft average now to or 


} ft with the facsimile system 


Production costs of the document retriever ar expected to run around $70,000, 
with the receiving equipment accounting for some $55,000 of this cost. Both the 
military and industry are looking at the new document retriever to exp 


tional uses for it 
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FOR VINYL-METAL LAMINATES WITH A 


S-T-R-E-T-C-H 


USE ADHESIVES BY 


Deep-drawing of vinyl-metal laminates subjects the adhe- 
sive to massive abuse. [t tugs at the bond and stretches it 
with cruel violence as shown in inset by the elongation of 
the embossed pattern. If the adhesive can’t take it, your 
product is in trouble. 


But Angier Adhesives can and have been taking it for 
many years. KOTOL"* 330, the original adhesive used in 
the MARVIBOND” process, was an Angier formulation, 
now being sold as Angier SR 515. 


Being first in the field carries with it the distinction of 
being first in experience. Why not let Angier’s vast experi- 
ence in formulating industrial adhesives work for you? 
This is one of the extra dividends that accrues to users of 
Angier Adhesives. Write Department VM-21. 


* KOTOL and MARVIBOND ore registered trademarks of the United Stotes Rubber C 


Interchemical 


CORF 


Finishes Division 


Headquarters Office: 224 McWhorter St., Newark 5, N.J. Factories: Chicago, Ill. e Cincinnati, Ohio « Elizabeth, N.J. e Los Angeles, Calif. « New- 
ark, N.J.* Mexico City, Mex. Adhesives plants at: Cambridge, Mass. * Huntington, Ind. JC and ANGIER are trademarks of Interchemical Corporation 
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Voltage Oddity Is 
Re-examined 


COLUMBUS. OHIO S 
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Resulting voltage is re« 


forces 
rded on the vibrating 


a 30 difference was recorded 


rumbe 


+ 


; ; setter 
>t Bt 2 2. 


> 


HOW IT WORKS 





\M ovabie ions 


Zeta potential boundory 


\ 


\ a ions 
/\ 





~ 


+ 
“SITS Ss FF 


irried along 
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potential boundary is that 
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Practical Equation for Calculating Values 
of Streaming Potential 
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Friction-welding Studies Near Practicality 


To find out more about the phenomenon of friction welding, the Central Re 
search Laboratory, American Machine & Foundry Co, Stamford, 


laboratory friction-welder. It 
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Capital Spending Plans of US Business 


(Billions of Dollars) 


1959 
INDUSTRY Actual * 
lron and Steel $ 
Nonferrous Metals 
Machinery 
Electrical Machinery 
Autos, Trucks & Parts 
Transportation Equipment 

(Aircraft, Ships, Railroad) 
Other Metalworking 
Chemicals 
Paper and Pulp 
Rubber 
Stone, Clay and Glass 
Petroleum & Coal Products 
Food and Beverages 
Textiles 
Miscellaneous Mfg 
All Manufacturing 
Mining 
Railroads 
Other Transportation & Com- 
munications 

Electric & Gas Utilities 
Commercial 
All Business 


OoOn-OOnOCOCO-—CO oo°co- 


we 
w 
Now 


Estimated 


-” 


- 
“~Oa-n--—-Onoodo-co 


ad 


1960-61 1962 
%7o Change Planned 


1960 1961 
Planned 


$1.52 $1.37 % $1.18 
34 34 0.32 
15 11 1.11 
62 t 0 

] 


89 


68 63 
95 02 


oo-o- 
o°o-0=— 


37 
85 
64 
69 
23 
56 
52 
99 
42 
21 

93 
90 
79 


35 
87 
59 
53 
20 
55 
50 
97 
40 
13 
35 
89 
83 


ad 
ooq@-oonooo-Cco 


ooe@-oonocoo-co 


18 
01 
54 
80 


61 
14 
70 
07 


89 
61 
06 
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w 
w 
Awoas 
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@? os 


* US Dept of Commerce, Securities & Exchange Commission, McGraw-Hill Dept of Economics 


Capital Expenditures to Drop 
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next year may drop ibout 5 
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spring); next vear its expect¢ 
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projects that did not actually 


ibout $35.1 billion 


derway this year are believed 
been postponed until 1961-62 


Ihe actual course of expenditure 


I 
next year will depend on corporat 
profits, government policy, and gen 
eral level of the econom But the 
economists view the relatively high 
level of spending plans as firm sup 
port for economic activity gener illy 
Manufacturing firms this vear ac 
counted for $14.3 billion of total cap 


ital spending (the rest was spent by 


Next Year 


itilities, transportation and commun 
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Some types of netalworking indu 
. | | 
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illy l'ransp rtahion 


for LO cut 
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equipment 
pparently head 
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ited metals and instru 
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tal spending 3 below this veat 

he auto indust 5 planning 
in its plant 
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xpects to spend $950 million, com 


fairly substantial jump 


ind-equipment plans 
pared with $890 million this vea 
Companies surveyed reported 
rating their plants somewhat be 
last September 
ind steel, 52%, compared 
preferred 98%; 


pared with 92 k 


preferred ¢ ipacity 


machinery 7 
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UK Aims Big Show at USSR 
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i De auto industry, although 


1 number of companies will partic 
ipate on an individual basis. Britain’s 
Society of Motor Manufacturers 
portedly decided that “‘it 

too early t 
noney in the 


Som 


be flown to 


invest lal 
Soviet marke 

British personnel wil 
Moscow to handle th« 
inds. Official buyers will ré 
5UU-page 
data 
specifications of 


2000 


various st 


ceive an catalog including 


hundreds of sheets giving d« 


tailed products on 
lispla 
Ivan Bolshako vice-chairman of 
Soviet Committee for Cultural 
Relations with Foreign Countries, saic 
held 


London for 22 dav 


Soviet exhibition would bs 
Earls Court in 
tarting July 
the widest range of Britons 
soviet 


would include displays of plant 


It was designed to gi 
i chan 


te learn about ichievement 


ind 


consumer good 


vided a 


S ane 


ind equipment 
foodstuff he 


Taught by Autotutor 





Aluminum Engines Slated for Soviet Tractors 


Drrroir—kEngine blocks of four and 


eight cylinders, and made of die-cast 


iluminum, are scheduled for automo 
tive and tractor use in Russia, it wa 
National Dx 
Casting Exposition and Congress her 


Dies for the 4-cyvl bleck are 


to be ready by the end of 1960 


evealed at First 


expect 


engin ill be 


th the 


Production of 
on a completely new line, w 
die-casting operation fully 
Meantime, 


iluminum engineé 


omated 


design of li 


hon 
According t 
f the Milan 
the die-casting hine that a 


going to Russia, engines are n 


lesigned enti replace previou 
ist iron engines, » take full a 
intag¢ ot poss! } 


+ y rer 
var 
casting proc 


The 4-cvl, wat 


Introducing Mark II, automated teaching device built by Western Design and 


Electronics Div of US Industries Inc. 


Mark I, 
automatic teaching devices, see 
PRODUCT ENGINEERING. 


18 


The Autotutor shows the student pi 
tures and diagrams on a small screen along with basic information. 
asks questions and the student punches out answers on the keyboard. 
follows an earlier, more expensive Autotuto1 
also made by Western Design and Electronics Div. 
“Points of View” 


Then it 
Mark II 
Oct 3, 48) called 
For a reaction to 
week’s issue of 


model (PE 


in next 


} , , > 
la\ i displacement of 2.5 


vlinder sleeve will De 
diecasting, following 
ractice that 


ind replacement of sleeve 


aims at 
removing the engine ft 
nici 
Meanwhile, he US. the Am« 
Motors 6-cyl die-cast engine 
iss production, over 50,000 
ng been delivered fron 
No troubles are being 
n manufacturing 
mm oth 
nun engl 
if problems 
f the first 
manufacturers 
American Motor 
na new design that will 
lvantage of the 
c ind the 
understood 


ist engine block 


Felix Giordano, Detroit Bureau 


Cause Found for 
Space Heater Explosion 


Bosron—Motion pictures taken 
installed flu-connect 

by fire pl vention 
nswel 


Cold fuel oil 


1 


ere run at the Moon 
School Laboratory 
r¢ Dept Oil and ai 
were maintained at 35 | 
hen cold oil was poured int 
ittached to the heater Th 
was now lit An explosion 
within 90 se The film 
oil dribbling from the toy 
tank—this spillage was 
Id oil and 
mds, a vapor trail sped from 


lled il to the 


ninut in are of 


mn the 
ir expanding 
burner; within 
flame 
ilong the vapor trail to the oil on the 
floor 

l‘ire-prevention experts recommend 
that burner manufacturers place oil 


raced bach 


ind an explosion followed 


tanks awav from the heater; provide 


1 vent system to allow escape of the 
expanding air and oil; and _ provi 
tight drip-pans under the unit 


—Paul Giguere, Boston Bureau 
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TRENDS IN APPEARANCE DESIGN 


new applications 


B Ke lectri type vriters have pecom 
tandard equipment for a number of 
ipplications much more demandin 
n just providing power | 
respondenc ind records These 
to Smitl 


tvpin 


1ands seemed to indicate 


yrrona-Marchant Inc 
first electric typewriter 


who intr 


Stevens-Chase, design a 
Camillus, NY need for 
ons m ade Discarded 


f » . 
Ol MASI 


their 
Many of t 


d counterpart 
identical 


p vious p! iC 


typewriters on 


mponents were often 
Because electri typewriters are us 
videly today to prepare material fo 
by printing proce 
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reproduction 
h as photo-offset, i import 
cl is photo-of set, it was importan 
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f different sizes on the same tvpe b 
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redesigned this typewriter 


CW one ror each | ind Tie 
cach small letter Ct ight 
he position of the control bar in 
ition to the shifting mechanism 

milarly adjustable 

As im processing equipment 
vith which fl typewriter 
xpected to he | he oncept 
nitized tructior adopte 


} 
I 


ulting ul emb 


wt Tam 
ind —sthe 
Csigicd 
\truded 


rarde TH d si 


(End View) 


his 
nfluenced 
Since electric 
touch-actuation inste 
nuscular pressure 
shape f the ke 

Stevens-Chase 

ictual length 

fingers. The kevs a 
upward curve on ¢i 
natural for the shorter fourth and fifth 
fingers on each hand. ‘This is the first 
time that a curved ke vard has been 
applied to a typewriter y 10-ke 
idding machines use the idea 

\s many controls as possible ha 
been brought into the keyboard area 
Among those not formerly in this area ire just above the kevboard, in the 


Ribbon- and color-selection buttons 


ire the copy-making control (push front panel 
button-dial adjusts for up to 17 carbon Front-panel keyboard guard and 
copies); on-off switch (illuminated riage and caps are of an off-whit 


half-space and double-space _ bars shade. This simplifies jacket-changing 
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Medical Engineering 


Fluting and Leak-proof he EOI 9 9) was nes 


r “a . 
urate, vet I am furious. Rather than 


Assembling ec ak en 
... tricky jobs but well au 
within our capabilities 


nt 

onfusion 
na physi 5 There I 
ninator, bu meeting of 

ids must " lpoint if 

hese are specially designed strainers lopmer f iu ve medical 
utilizing 100 mesh stainless steel cloth irgical r instrumet 
The fluting provides maximum 


filtration areas for specified diameters 


The problem in fluting was to form the 
piece, which has only one joint and at 
the same time retain mesh integrity 

at the bends. The problem in the 
assembly was to provide against 
leakage from under the 


retaining rings. 


These strainers are indicative 

of the kind and quality of 

work we do in our fabricated 

parts division. We've handled : 

many other tough forming rving t i rect diagnos 


and assembly jobs. Simple o1 red ridiculous and dangerous f 


° wry the 
ones are routine. his own thera 
fs ; ) apparent 

If you are not satisfied I lity doctor predesigning |} 
with the way your ngineered” instrument 


medical engineerin 
gineers analyze the a 
enahl ‘ } 
I I ropiem no De 
not let our skilled workers nclusions based upon do 


take over the job? We'll medi knowledge and a 


mesh-assembled parts are 


being turned out, why 


be glad to study your model miliarity with engineering principles 
i sroblems remain shrouded 
or drawings and discuss the ‘ ” 
10] factors,” the engineer is in 
sition than a doctor trying 
we can point out a better or etermine a lung condition without X-ra 


problem with you. Perhaps 


simpler way to assemble the r stethescope. Problems cannot effectively 
second-hand or blind 
ferred in your article to the de 
gn of obstetrical forceps by BMI for 
Holzer Clinic; the purpose stat 1 was t 


/ 
NEWARK give obstetricians research data leading 
f*accuracy eventually to better designed forceps. Th 


point is further elaborated in Mr. Leer 
burger’s cover reference under: “Inter 
sting to Note.” I am fascinated. Wh 
obtain force data upon a child’s head? 
So that the doctors can find the relation 
ship between excessive forces at birth and 
the child’s later mental health? Do I 
understand the situation correctly? 7 
be valid, thousands of such test situation 
ust be experienced, recorded and cor 
lation-computed. Out of the thousands 


351 VERONA AVENUE - NEWARK 4, NEW JERSEY iow. many hundreds more cases of the 
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= VACUUM PUMP 


ed mars 


Solves design problems 
wherever you need vacuum 


HUNDREDS 
OF USES 


and SKIN pack 
packaging 


Poultry and 
Fewer Parts — Easier Service food packaging 


It’s what's inside that counts! And inside the 
lathes 
new Perfection Vacuum pump you'll find a 
: uum drawing 
space-saving rotor with exclusive rotor slots that plastic sheet: 
permit longer vanes, longer wear Vanes slide 


freely, hug pump housing periphery, providing 


COMING EVENTS closer seal, higher efficiency. This simplified 
DECEMBER design permits easy removy al of vanes for clean 


ing or replacement without disturbing pump 
5-8 
trical Eng 


\ 1 


PP 


piping or motor mounting. Many other exclu 


sive features 
it 


ad Hilt ‘ ' , C Tell us your vacuum pumping needs, 
Sa ns f | aris Perfection can simplify original equipment de 
nth, g : sign, cut costs, too 
Joint mp [ ' 1 New ° ° 
MOTOR HP FREE AIR 

G ] 
26-31 rican :, ' 
he Adva 

Larger, belt-driven models alsc 


JANUARY delivering up to 36 cfm Many other uses. 





9-11... . Institut f 


a = AIEE, ASOC © | 70 ; Whatever your PERFECTION MF > 
Quality Ce , ] R levu rat ord ( el conker, 4 4 CORI * 


ontro! Perfection has a 
Philade Iphia model designed and A SUBSIDIARY OF STA-RITE PRODUCTS, INC 
ready, right now | 238 S. EIGHTH STREET, DELAVAN, WISCONSIN 
society 1 ve gl oe — OEM Sales Offices and Warehouses: Chomblee, Georgia « Los A on 
neer;rs, International ( DOS! , ; er 2s, Texas e Woodbury, New Jersey « Denver, Colorado 
tion, Cobb Hall, Detroit In Canada: Sta-Rite Pumps (Canada) Lid., Ajax, Ontario 
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KAUPP 


PRECISION-FORMED 


METAL 


COMPONENTS 








Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new illustra 


ted bulletins! 
hs 
* 
dis 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 
NICKEL, MAGNESIUM, TITANIUM, 
SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


B. KAUPP & SONS 


Metal Craftsmen since 1924 
NEWARK WAY, MAPLEWOOD, N. J. 
Telephone: SOvth Orange 3-2490 
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The following problems are a sampling of the 300-odd problems listed in 
‘Problems Guide, Vol VIII, Supporting Research,” one of a series of eight 
such guides recently published under the direction of the Chief of Army 
Research and Development (also see PE—Oct 17, Oct 31 and Nov 14, all 
p 32). Qualified organizations wishing a copy of this guide should write t 
Army Research Office, Office of Chief of Research and Development, Depart 
ment of the Army, Washington 25, DC 


a battlefield searchlight with brightness of 10,000 candles/sq mm ove 
an area of approximately 75 sq mm. Present searchlights have peak brightne 
on the order of 1200 candles/sq mm and have low lumen output compared ti 
power input. 


. a radiation recorder that plots radiation intensity as a function of time 
Needed is a reliable device that can be used in the field to show if nuclear fall 
out is new or old, static or changing 


a personal radiation detector that gives an audible signal when radiation 
intensity exceeds preset level. Alarms now in use are too large and too expen 
sive. The personal alarm should be small enough to carry in a shirt pocket 
like present film badges and electrostatic dosimeters) but should not require 
earphones. Also needed is an improved personal dosimeter that gives a quick 
iccurate record of the radiation dose received. Film badges are either too unr 
liable, too limited in range, or require too much time, equipment and exper 
ence to evaluate. 


a homing device to guide landing craft from ship to shore in fog or mist 
Now, if caught in fog off on enemy installation, standard practice is to head 
out to sea. The homing device must generate signals that cannot be pick« 
up or jammed by the enemy and it must automatically allow for drift 


an additive that prevents evaporation of water droplets in artificial-fog 
screens. Fog screens (used in lieu of smoke screens) have a significant logisti 


idvantage in many situations but evaporate quickly when humidity is low 


1 miniature pressure transducer for the range, 0 to 100 psi, that will with 
stand vibration up to 40 g at 2000 cps. Needed is a nonmechanical transducer 
with the simplicity of the potentiometer-type device and the accuracy and 
response of strain gage or reluctance-type device. Other specifications: size, k 


than 2 cu in.; temperature, —300 to +300 F; static band, +5 


an instrument to measure surface conformity of parabolic antenna dish¢ 
It must show surface distortions faster, more accurately and more conclusivel 


than present civil engineering surveying techniques 


. equipment for shaving ice from walls of tunnels cut under the Greenland 
Icecap. With present tunneling, machinery, deformation and buildup will 


close tunnels in a short time and prevent prolonged use 


an instrument for measuring density of snow as a function of depth 
Digging pits or taking core samples is too time-consuming. Needed is a device 
that can be lowered down a 4-in. hole to measure changes in density within 
0.01 gm/cm* in layers as thin as 2 in 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted 
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Solve Steam and Chemical Transfer Problems 


NEW. AEROQUIP HOSE OF TEFLON HAS BEEN 
APPROVED FOR USE WITH THESE FLUIDS: 


Acetate Solvents 
Crude & Pure) 


Acetic Acid 
Acetone 
Acetylene 


Air (Hot 


v Alcohols (Aliphat 

& Aromat 

¥ Alkaline Solution 

Hydroxides 

v Aluminum Salt 

Solutions 

of Armen 

Aqueous 

v Ammonia Salt 
Solutions 

Y A a ne Dyes 


Asphalt 
Benzene | Benzol 
Bromine 
Butylene 
Caicium 


Hypochlorite 


Calcium Salt 
Solutions 





Carbolic Acid 
Phenol) R. T. & Hot 


wv Carbon Dioxide 
Dry 
n Carbonic Acid 


Carbon 
Disulphide 


Chlorinated Solvent 


“4 Creosote Oi! 


Chromic Acid 


Copper Salt 


Solution 
Ethers 
Ethylene Glycol 
Ethylene 
Dichlonde 


Ferric Salt 
Solutions 


Formaldehyde 
Formic Acid 


Furfural 


4 Refrigerant 12 & 22 
ro cy erin (Glycerol 


Ww Heptane 


Hydraulic Fluids 
Natural&Synthetic 


Hydrochioric Acid 


v Hydrocyanmic Acid 


Hydrofluoric Acid 
vY Hydrogen Peroxide 
Dilute & Con 
vy Hydrogen Sulfide 
Wet & Dry 
W Hypochlorite 
]. Solutions 


Lacquers, Lacquer 
Solvents 

Lube Oi! 

Hot & Cold) 
Magnesium Salt 
Solutions 


Mercuric Chioride 


y 
\ "4 y 


Mineral Oi! 


WY Naphtha 
[ 4 Naphthalene 


Nitric Acid 


(Less than 20%) 
wv Oleic Acid 


Ww Oxalic Acid 


¥ Paints & Varnish 


Petroleum Otis 
Sour & Refined 
Phosphoric Acid 
Commercial 
Potassium Salt 
Solutions 
Sodium Salt 
Solutions 
Steam 


Sulfur Dioxide 
Wet & Dry 


Sulfuric Acid 


iw Sulfurous Acid 


WY Tannic Acid 
Vv Toluene (Toluol 
Ww Trichtorethylene 


Water 

Salt & Fresh 
Zinc Salt 
Solutions 
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saper gem is on Aeroquip Tredemark. 


® DESIGN 


PRODUCT ENGINEERING 


® PROTOTYPE 
® PRODUCTION 


As the chart at left indicates, Aeroquip's new, light- 
weight 2807 and 2808 Hose Lines of Teflon convey 
steam and practically any chemical, acid or solvent 
Chemically inert, Aeroquip Hose of Teflon resists 
corrosion, contamination and adhesion and pro- 
vides exceptionally long, trouble-free service, even 
where constant flexing and vibration occur. The 
new lightweight construction extends the practical 
use of Aeroquip Hose of Tefion and costs less com 
pored to ordinary Teflon hose. Operating tem 
perature limits are 100°F. to +450°F. In sizes 
for 4%" to 1%" lines, for pressures up to 1500 psi 


New, lightweight “saper gem’ Fittings also 
help reduce hose line costs. They not only cost less, 
but they can be disassembled and reused over and 
over again. Fitting styles available include male 
pipe, J.C. swivel and two-bolt swivel flange ends 


Write for IEB-50 for complete information. 


saeroquip 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 
INDUSTRIAL DIVISION, VAN WERT, OHIO 
WESTERN DIVISION, BURBANK, CALIFORNIA 
AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 


AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROA 


TEFLON is Du Pont's trade name for its Tetrafluoroethylene resin 


® FIELD SERVICE 
® SERVICE PARTS 
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AEROQUIP FLUID PIPING SERVICE 


Aeroquip provides a complete fivid piping service to equip- 
ment monvfacturers. Aeroquip specialists can assist you at 
any phase of monvutacture to assure maximum performance of 
fivid systems on your products. 
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Positive way 
to seal irregular gaps 
and seams—3M 

Heat Expandable Sealers See 


You can simplify tough sealing jobs of irregular 
gaps and seams with 3M Heat Expandable 
Sealer EC-2117. When heated this liquid will 
expand 150% in volume and cure to a solid 
sponge rubber material to tightly fit the shape 
of the seam, affording a weather-tight, water- 
tight, dirt-tight seal. 

EC-2117 is designed to expand and cure to a 
resilient sponge-like rubber which will adhere to 
most surfaces. It can also function as a weld- 
thru sealer which does not alter normal spot 
welding procedure, nor interfere with weld 
quality. EC-2117 adheres well to both clean 
and oily surfaces. Use it wherever irregular 
openings must be filled, or where seam width 
is not constant. 


Time: 12:30. Sealer nearly doubled in size. 


Let 3M Adhesives, Coatings and Sealers help 
speed your production, improve product quality. 
For free information, write on your company 
letterhead to: AC&S Division, 3M Company, 
Dept.SBS-110, St. Paul 6, Minnesota. 


12:45. Sealer nearly fills cavity. Time elapsed: % hour. 


ADHESIVES, COATINGS AND SEALERS DIVISION 
iianesora (fining ann [Januracturing company 
++ WHERE RESEARCH IS THE KEY TO TOMORROW 
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ap Gi rl IC Ls 
NIGINE ERIN 


THE BETTER MOUSE 


“If you have a real problem with mice, the best solution is not to keep 
trying to build a better mouse trap. Instead, find a use for the mice!” 

This statement by Thomas B. Jones, president of Northrop, seems 
to have been heeded in our space pregram. Mice can always be sent 
experimentally into outer space and even the ASPCA will not object. 
Mr Jones, however, was making the point that our rapidly advancing 
technology offers us more concepts and more solutions than our 
economy can afford. Because of this, we must develop the ability to 
select and apply the concepts and techniques which have the broadest 
usefulness. 

As he put it, “There is a dollar sign iw every equation.” It is quite 
simple to find the new concept and apply it to a single job—much 
more difficult to find and develop the concept that has a broad appli 
cation. This is parficularly true in weapons technology, where speciali- 
zation—and resulting high costs to the taxpayer—are familiar. It can 
also be true in civilian products, where the need for fast return per 
dollar invested is even greater. We rarely select the general research 
program, because available dollars must go on the specific 

We have, however, on occasion been able to break out of the 
single-use concept. Notable examples are nuclear energy, the transistor, 
the light alloys and the plastics. 

We have another and greater need that has previously been men- 
tioned here: the necessity of developing broadly applicable principles 
and devices for making destructive war impossible. We have been 
peuring available dollars into weapons and into insurance in the ferm 
of foreign aid, but nothing into prevention. Perhaps this concept is so 
new and strange that it is difficult to visualize and even more difficult 
to implement, but in a world in which there is constant risk of holo- 
caust, it is advisable that somebody undertake research in this direc 
fon. 

Thus far, much ef our defense effort has been a carbon copy of that 
being undertaken in the Seviet Union; simple competition to see who 
can be first with the most destructive device. What can be more 
convincing to the world at large than a program sponsored by our 
own military for research into the problems of maintaining the peace? 
How can we insure ourselves against the trigger-happy individual, 
whether he be a military commander or a diplomat? Is it possible to 
apply our skyrocketing technology to the very practical purpose of 
preventing our own destruction, or are we going to continue to bask 
in the same disregard for public safety as we have for personal safety? 

If you have any ideas, we'd be glad to hear of them 

The paradox in all this is that a peace- -product program would actu 
ally save us greater amounts of money in the long run than any other 
program we could undertake. It would find a use for the warmonger 
mouse instead of trying to outwit him. 
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NEOPRENE 


rollers 
(not visible) 


NEOPRENE 


carrier belt 


NEOPRENE 
drive belt 


In new photocopier... 


C\ | lll 


NEOPRENE PARTS GIVE 
“BEST ALL-AROUND PERFORMANCE" 


In designing the new “Auto Stat’”’ photocopy machine, 
engineers at the American Photocopy Equipment 
Company, Evanston, Illinois, specified neoprene 
exclusively where rubber parts were required. Included 
are such key components as: printer belt, carrier belt, 
drive belt, processor rolls and paper transport rolls. 


“Neoprene gave us the best all-around perform- 
ance of any material we tested,’ reports an Apeco 
engineer. ‘““‘We found, for example, that it’s highly 
resistant to the corrosive action of caustic developer 
chemicals. It withstands ozone exposure without 
cracking or crazing. In rollers and wheels, neoprene 
resists compression set, and in belting it holds its 
size and shape.” 


No other general purpose rubber can equal 
neoprene’s balanced combination of properties, or 
match its resistance to so many deteriorating factors. 
Neoprene assures longer service life for equipment 
because parts stay lively and resilient over years of 
operation. What’s more, parts made of neoprene will 
not support combustion. 


If you’d like to learn more about the many ways 
neoprene is solving design problems in everything 
from household appliances to equipment for business 
and industry, write for a free copy of ““An Engineering 
Guide to the Du Pont Elastomers.” E. I. du Pont de 
Nemours & Co. (Inc.), Elastomer Chemicals Depart- 
ment PE-11, Wilmington 98, Delaware. 


SYNTHETIC RUBBER 


NEOPRENE 


#46. vu. 5, pat. OFF 


HY PALON® VITON® ADIPRENE® 


Better Things for Better Living .. . through Chemistry 


28 CIRCLE 28 ON READER SERVICE CARD 


PRODUCT ENGINEERING - NOVEMBER 28, 1960 





PRODUCT 


ENGSINELSRING 
SPECIAL REPORT 





A 10-micron filter 
may or may not 
remove every 
10-micron (or even 
every 100-micron) 
particle from the 
fluid. It all depends 
on which rating 
method was used. 
Such areas of 
misunderstanding 
can handicap the 
choice of filters for 
hydraulic and 
pneumatic systems. 
But this article, 
with its 
comprehensive 
filter-media 


comparison tables, 


strips away the 


mystery. 


A nominal “10-micron” filter for fluid earns that rating 
because it removes most of the dirt particles down to 10 
microns in size. The fact is, however, this filter might 
ictually allow some (or even many) much larger parti 
to pass through. Yet teohnically, such a filter can still 
considered flawless and meet every appropriate 
ind military specification 
Is this a contradiction? No—the standard filter 
ire usually specific enough, but reading between th¢ 
very important. Best approach—the one given here 


evaluate the basic filter “media” (materials that filter), 


continued, next page 








definitions 


Micron — In metric measurement, one millionth of a 
meter; in the English system, approximately 1/25,000 
of an inch. Particles as small as 40 microns are visible 
to the naked eye 


Absolute Rating — Removal of 100% of all incident 
particles larger than a given size 

Clean Pressure Drop — The differential pressure across 
a new filter, based on using a perfectly clean fluid 
Maximum Allowable Pressure Drop — Usually the high- 
est pressure differential which filter element can sus- 
tain without collapse — can also mean maximum drop 


before system is affected—and filter must be cleaned 


Onstream Time — Elapsed time between cleaning or 
replacement of filter element 


Effective Filter Area — Actual area in a filter medium 
which is open to flow of the fluid being filtered 


Filter Medium — Any material capable of removing 
solids from a fluid (liquid or gas) stream 


Filter Cake — An accumulation or “bed” of solids re- 
moved from a fluid and deposited on a filter medium; 
is often depended on to give a finer degree of filtration 
than that possible with the medium itself 


Precoat — A special filter cake, usually diatomaceous 
earth, purposely laid down on a filter medium to pro- 
vide either extremely fine filtration unfeasible with the 
filter medium itself; or to prevent clogging of the filter 
medium and make cleaning a simple, mechanical 
operation 


Body Feed — The addition of diatomaceous earth or 
other filter aid to the slurry or fluid being filtered, in 
order to render a slimy or compressible filter cake 
more permeable, thus increasing the onstream time 


Slurry — Term sometimes used for fluid to be filtered; 
implies high solids concentration 


Filtrate — Clarified effluent from filter 


Clarification — Final absolute filtering of an almost 
clean fluid 


Composite filter, made of fine 
mesh sintered to coarse, has fine filtration 
characteristics; is essentially rigid. 


then consult filter manufacturers before selecting or specify 
ing an actual filter. These are the points to consider: 


e Is the fluid a liquid or gas? (A filter of given rating can 
generally remove much smaller particles from the latter.) 
els it “nominal” or “absolute” filtration you need—will 
an occasional oversize particle harm the system? 

Can the system tolerate coarse particles during initial 
start-up? (Some filters improve with time onstream—a 
porous cake of contaminant particles builds up on sur 
face of filter medium.) 


@ What type of dirt will be filtered, and how does it com 
pare with the arbitrary “typical” particles specified by test 
standards? Remember: some gelatinous particles might 
deform enough to squeeze through tight openings. 


@ Is fluid’s dirt concentration large enough to build a filter 
cake? And will this cake formation pass liquid or block it? 
@ Will built-in dirt and other loose particles found in some 
off-the-shelf filters be damaging to system? How about 
those filter media that occasionally “flake” or break off 
particles, adding them to the stream? 

© Will any single filter have large enough surface or volume 
to remove solids at rate required? 

@ What about total system pressure—and allowable pres 
sure differential across the filter? Compressibility of media? 
Flow velocity? 

e Will fluid and filter be compatible at all operating tem 
peratures? If some corrosion is allowable, how much will 
this shorten onstream time of filter? 


CHOOSING THE FILTER 
Follow these three general steps in choosing a filter 


First, know your fluid system. Not just the fiuid’s 
tradename and expected flow, but something of its chemi 
cal and physical nature and behavior under various tem 
peratures and pressures. 

Second, evaluate available filtering-media types that 
might perform well with the fluid under question. 

Finally, consult filter manufacturers to decide on spe 
cific filter design. (The last step is not discussed here 
it will be wiser to benefit directly from the specialized 
experience of each manufacturer.) 


Gas, Liquid, Slurry? 


First step—knowing the fluid—is not difficult if fluid has 
been analyzed by you or the manufacturer. This articl 
is limited to engineering fluids carrying dirt particle 
smaller than 200 microns average diameter. Here ar 
basic facts concerning such fluids: 

Gases are usually easier to filter than liquids. From 
gas, under certain conditions, some filter media will remov« 
particles 4 to 1/10 the size of particles removable from 
liquid. One explanation: lack of lubricity of dry gases 
plus their generation of electrostatic charges helps hold 
particles that would otherwise slip through 





Dirt carried by fluid (gas or liquid) can be a mixture of 
fine and coarse, compressible and non-compressible, slimy 
and crystalline solids. Filtering is easiest when most par- 
ticles are coarse, noncompressible and crystalline. The 
fine, compressible and slimy solids tend to pack together 
and restrict fluid flow drastically. It sometimes pays to add 
“body feed”—a coarser, more permeable material—to the 
fluid; this helps prevent compaction of-the slimy solids. 

Concentration of fluid (volume of dirt vs volume of 
fluid) must be known, because any filter has a dirt-capacity 
limit. Concentrations over 2% may be called slurries, 
although the definition varies with each industry. Remem 
ber this: if flow is 1 gpm and concentration is 1%, then 
dirt-flow alone is 2.3 cu in. per minute. If the dirt is com 
pressible, then only a thin filter cake is allowable—a frac- 
tion of an inch. Coarse, noncompressible dirt can build 
up to many inches without excessive pressure drop across 
the filter medium. The performance-comparison table on 
the next page shows effects of various dirt concentrations 


Construction of Filtering Media 


Second step is evaluating the filtering media. Only the 
common ones are discussed here; not covered are de 
velopmental types such as porous titanium, aluminum and 
copper. And tables only apply to basic media—not to any 
finished commercial product such as a filter cartridge or 


bed. For instance: wire cloth is a filtering medium, but a 
convoluted or pleated wire-cloth cartridge with housing 
and fittings is a filter product and is not discussed in 
detail here. Avoided, too, is the complexity and con- 
troversy of a wide variety of configurations and housing 
materials available from dozens of manufacturers. Given 
instead are limitations applying to any filter 

Broadly, there are two types of media: surface and 
depth. In surface media (wire mesh, membrane and sim 
ple edge-type are three examples) dirt is removed by a 
plane surface with fairly uniform orifices. Depth media 
(paper, felt, glass fiber, sintered powders, matted wool, 
ind wound spools are examples) depend on tortuous paths 
through the material to remove particles 

With surface-type media, the number of openings avail 
able for clogging determines the time between cleanings 
for a given, allowable pressure drop. This cleaning is 
especially important where dirt particles are small and 
compressible: relatively small accumulation of cake gives 
disproportionate increase in pressure drop. It is possible 
to convolute the surface (as done with wire mesh) to 
give up to nine times the surface area within a given 
envelope volume compared with simple cylinder. 

Depth-type media have a high dirt capacity for a given 
filter volume, particularly if concentration of solids is 
small; the particles work themseives into interstices be- 
tween fibers. However, for large concentrations of solids, 
cake buildup may be quite rapid, and the filter becomes 
essentially surface-type. 

Each type—surface and depth—has some characteristics 
of the other, and simple categorizing is not always possi 
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FLUID-FILTERING MEDIA continued 


ble. The following examples do not attempt to show direct 
distinction. Also, most comments apply to both metals 
and nonmetals 


Granular (porous) media have adjacent grains ind these 
particles join to form a porous, rigid structure. (Sintered 
powder is a good example of a joined-particle medium; 
sand is an exception, it is often used in loose form.) 
The grains can be joined with a compatible adhesive or 
by sintering at temperatures slightly below melting point 
of the particle material. Sintering may be done with or 
without the simultaneous application of pressure. Degree 
of filtration depends on compression and on smallness of 
the grain chosen. Dirt particles are trapped in the inter 
stices. 

Media made of bonded granular materials are normalh 
thicker in cross-section (for manufacturing reasons) than 
woven-wire media, for the same fineness of filtration. Pore 
sizes are more fixed in granular media than in ordinary 


I 
weaves (dutch twill, for example) over e this disad 


. eee “earetid 
unsintered square-weave mesh, but special interlocking 


intage 
Smaller contaminant particles can be filtered out by 


there 


granular media than by woven types; but 
variation in particle size stopped, and a greater 
towards contaminant migration. Extreme finenes 
sible: a recently developed leached-glass porous medium 
has a removal rating better than 0.01 micron—it is not an 
industrial-type filter, however. Granular media are most 
suitable where solids concentrations are very low 

Porous depth-type filters can be cleaned to a limited 
extent by backwashing. Progressive fouling will 
many backwash cycles, but element can 
rriginal state with suitable cleaning solution 

Edge-type filter media may be either metal or nonmetal 
The fluid filters between edges of flat disks or wires of 
ircular or other cross-section. Spacing determines the 
degree of filtration. In the disk type 
ilternate disks that are smaller in diameter, or with a 


spacing is with 


central ring structure that has radial projections. The 
wire type is spaced by winding the wire around a mandrel 
r by using projections on the wire itself 

Long particles can get through an edge filter if one 
dimension (diameter or thickness) of the particle is smaller 
than the edge opening Round or cubical particles are 
stopped.) If downstream devices have small orifices or 
small-clearance moving parts, just a few fibers passing 
downstream can readily bridge the orifice or clearance 
restricting flow or movement. Composite filters (described 
on page 33) will solve this problem 

Woven media are cloths of wire or yarn (natural or 
svnthetic Both are produced on looms and use loom 
terminology: warp is the wire or yarn that runs the length 
of the cloth; shute (sometimes called woof) runs perpen 
dicular to and is woven into the warp by means ofa shuttle 

Many types of weaves are available. The most common 
ire: square (plain), dutch, twill, and twilled-dutch. Plain 


ind twilled weaves present straight-through openings to 
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Sintered Particles 


PERFORMANCE COMPARISON OF 


METALS 


Edge Type Mesh and Cloth 





General appearance of medium 


Filtering action 


Powder 


Primarily surface 


Sintered 





Ribbon 
































Surface 





Removal ratings, microns (based on 
smallest particle size removed). 


98% removal (nominal) No data 


40-125 2 and over 





100% removal (estimated 


absolute rating) No data 





No data 12 and over 














Applicability—assuming reasonable 
flow conditions, is medium suitable 
for these dirt concentrations? 

>5% of liquid volume 


Limited application only 


Recommended 








0.1 to 5% 


Recommended 





<0.1% (clarification) 


Recommended 


Recommended 


| Not recommended | 





Cleanability 


Cleanable (re-usable) based on nondestructive methods such as: chemical, ultrasonic, 


backwash, blowback 


fluid flow; twilled-dutch and dutch weaves present a some 
what tortuous path, hence finer filtration 

Wire cloths may be sintered or unsintered. Sintered 
wire cloth has warp and shute wires sintered together 
where they cross, fixing the pore size permanently. In 
addition, sintering allows integral bonding of coarser 
meshes to finer facings to produce a stronger composite. 

Woven cloths are most often used where concentration 
of solids is high enough to permit rapid cake buildup for 
finer filtration. They also work without a cake—typical 
are those wire-cloth media having nominal (98%) removal 
ratings about 70 microns and smaller. If cake is used to 
improve filtration, recirculation (until cake builds up) will 
be necessary before best rating is achieved. 

Woven yarn media are basically flexible and changes in 
sressure (including instantaneous reversal) can temporarily 
displace filter cake away from the filtering surface. Fine 
solids will then pass through the filter—bypassing the cake 
until the displaced cake has settled again. 

Wound wire mesh is a form of cloth made by helically 
cross-winding a fine flattened wire on a mandrel. Wires 
are then sintered where they cross, and finished mesh can 
be pulled from the mandrel to be slit into sheet stock or 
kept as a cylinder. 
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Felted media are masses of fibers matted together to 
produce a porous structure. Good felts are carefully d 
signed to have interlocking fibers. They may or may not 
be resin-bonded. The degree of filtration obtained, regard 
less of the fiber type, depends on fiber diameter and 
length. Smaller fibers give finer filtration. Paper filters 
are similar in structure to felted media 

Felted media are usually of the depth type, are thrown 
away after use, and are limited to relatively low pressure 
differentials. Media migration will occur under some cit 
cumstances, particularly if fibers are loosely interlocked. 

Unfelted fibers are initially loose, but are packed into a 
woven or knitted bag. Cotton or other cellulosic fibers are 
the types usually chosen, and major application is for filter 
ing oil. Application is limited by temperature and pressure, 
ind media migration is likely to occur. Filtering ability is 
improved with fillers such as diatomaceous earth. 

Wound yarn media are commonly made in cylindrical 
form, helically wound around a support core that is part 
of the filter. The weave gives a diamond-shape pattern 
externally, without pores in the strict sense of the term 
Filtration here is the depth type; it takes place through 
(and in) tight channels formed by nap (furry surface) of 
the yarn. 
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TYPLCAL FILTER-MEDIA CONSTRUCTIONS 


STAI 
NONMETALS 


a ee ee 


Granules and Powder 





{Compressed or packed] y....,, 





Sintered 


Felted | Nonfelted Plastic 


Depth 
and 
surface 


Primarily 


surface Depth 


Porcelain 


Primarily surface Surface 





10 and 25 and 30 and 


over over over 





Available: 
5-100 40 only 











No data No data 





No data 














Not 
recom- 
mended 


Recom- Limited 


Not recommended mended applic. 





Limited application only 





Not 
Recommended Recom- 
mended 





Recom- 
mended 




















Throw-away type 





Membrane media essentially are thin porous sheets pro 


duced by the evaporation of solvents from a solution of 
cellulose acetate or cellulose nitrate. The resulting struc 
ture is monolithic Because it is not a 


fused or bonded mass of fibers or granules, it is not subject 


1 single piece 


to media migration 

Composites of various media improve over-all charactet 
istics for some applications. Without going into details of 
manufacturers’ special products, here are several useful 
combinations: edge-type media with metal powder (powder 
is bonded to itself and to the edge-type medium by sinte1 
ing); sintered stainless steel mesh with metal powder; and 
glass fiber with membrane. In first two the coarser medium 
is downstream, the finer is upstream. The two media are 
bonded together to prevent bypass leakage around one or 
the other 


For glass fiber and membrane, the fiber is upstream, 
and is not bonded to membrane 


here are also magnetic composite filters which combine 
mechanical separation of nonmagnetic solids with mag 
netic removal of iron particles. Two common constructions 
ire: Alnico magnets with ordinary mesh; or mesh with 
magnetic wires. Extremely fine filtration is possible. Efh 
ciency of the magnetic portion is inversely proportional 
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Cleanable (re-usable) by nondestructive methods 


Throw-away type 


» velocity of fluid past the magnet. One drawback is that 
is the filter cake increases in thickness during onstrean 


time, particles are more likely to break loos 


USING THE PERFORMANCE TABLE 


Just the filtering media, not the finished filter assem 
blies, are put under scrutiny here. Values given in the 
table on this page are practical for the media, but might 
look ridiculous if applied indiscriminately to any given 
product. For instance, the 5% solids-concentration levei 
given in performance table will pile up 320 cu ft of filter 
cake in one workday (8 hours) if flow is 100 gpm and filter 
is 100% effective. Such an application is not normally rec 
ymmended. However, the low flow through cloth media 
used in rotary vacuum-operated filters or in plate-and 
frame units are certainly suitable for high concentrations 
of solids. And for many filter assemblies there are ways 
such as mechanical scrapers) to automatically and con 
tinuously clean off the filter cake. 

Another example: take the 0.1%-and-below solids-con 
centration level. Here it might seem that individual size 
ind not concentration of particles is the only logical basis 
for comparing filters. This is not necessarily so. Som« 
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Limited 
Recommended applic. 
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First 
bubble 


iy Filter 
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Known test particles such Bubble-test simply measures Bubble-test data correlate consistently with 
as glass beads (graded from the air pressure necessary measured pore sizes and with actual par- 
10 to 20 microns) or AC to force the first bubble ticle sizes that pass through the pores. 
test dust are counted befor: through any pore in sub- Graph is for sintered stainless steel mesh 
and after test to establish merged filter filter cartridge; particles are assumed to 


nominal or absolute filtration 
ratings per MIL specs. 


coarse filtering elements such as edge type and cloth 
depend on cake buildup to achieve manufacturer’s rating. 
If concentrations are too low, bridging of the pores by the 
particles might not occu In finer media, dirt-particle 
size is critical. 

In-between concentrations such as 1.0% can be han- 
dled by almost any filter, but the table points out certain 
practical limitations. Sand filters, for example, are not 
recommended here. They have a relatively small apparent 
filter surface, which cannot be conveniently increased to 
uny extent. Therefore sand filters are used primarily for 
filtering water, where solids concentrations are low—meas 
ured in parts per million. 

Some of the examples on page 40 are practical ones 
ind they take filter housing and configuration into con 
sideration. It would be impractical to cover every situa 
tion—a book is needed. The tables are guides. They will 
help you understand basic limitations, and determine what 
types of filters can do the job. But individual manufac 
turers must be consulted for the special details. 


Nominal Rating for Filters 


Military specifications MIL-F-5504A and MIL-F-5504B 
ire the only established standards for any filter media, but 
are not considered industry standards. Version A defines a 
10-micron filter as being capable of removing 98% by 
weight of all particles of the selected contaminant (AC 
fine test dust, supplied by AC Spark Plug Div of GM 
larger than 10 microns at a certain high concentration 
Version B defines a 10-micron filter as being capable of 
removing 95% by weight of 10 to 20-micron glass beads 
(supplied by Minnesota Mining and Manufacturing and 
others) at a certain high concentration. For many conven 
tional applications, this nominal filtration is adequate. 

Two loopholes exist, however. They make the use of 
filters meeting only these requirements unsatisfactory for 
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be hard (glass beads used for this data); 
alcohol is Solox 190. 


the protection of certain vital equipment such as servo 
valves. First loophole is that the military specifications 
don’t limit maximum size of the 2% AC fine test dust o1 
5% glass beads allowed to pass through the filter element 
lests by marty laboratories have found that filters meeting 
these requirements readily pass particles in the range of 
100 to 200 microns. Second loophole: contaminant con 
centrations used in the test simulate the high concentra- 
tions of a total pump failure and are not at all indicative of 
performance under normal system conditions. With the 
lower normal concentrations, efficiency proves to be much 
less. And be sure to find out if manufacturer's rating 
means “‘initial’’ removal rate, or the rate after a filter cake 
has built up. 


Absolute Ratings 


Absolute ratings differ from nominal in one important 
way: Rating is based on largest particle that can get 
through at all, rather than on a percentage of such par- 
ticles. But there are differences of opinion even about 
absolute ratings. Here is one. If an edge-type or square- 
weave filter will absolutely stop a 10-micron glass bead, but 
could conceivably allow a 9-micron-dia fber 50 microns 
long to slip through endwise, should it be rated at 10 
microns or 50 microns absolute? 

Despite some disagreement in approach, the need for 
absolute ratings is apparent. True, some systems can 
tolerate a little dirt, and the conventional nominal ratings 
will suffice here. But for more critical applications, the 
true effectiveness of a filter is not realized until ALL con- 
taminants which might have a detrimental effect on the 
system are removed. Nominal ratings based on the military 
specifications and many commercial ones are not always 
enough. Just one fragment of dirt, 100 microns dia, can 
effectively shut down a complex, expensive automatic 
machine tool if it lodges in a critical location. You've 
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Bottle test is a simple lab operation with 
one sample of fluid taken downstream of 
an operating filter. Fluid is sucked through 
a finely ruled membrane. Microscope is 
needed to count particles. 


got to match potential loss in time and productivity against 
demanding a more suitable, perhaps costlier, filter that 
can meet an absolute rating 

Absolute ratings are a fairly recent innovation—aircraft 
ind missile industries began to use them about 1955. First 
ipplication was for sintered woven-wire mesh, but now 
ratings can be determined for a wide variety of media, 
including porous metals, ceramic and cellulose acetate 
Such ratings are still not in general use in the product 
design field. 

Absolute filtration ratings are defined by specification 
MIL-F-8815 and proposed specification MIL-F-25682 
(USAF). They are determined by measuring the diameter 
of the largest glass bead to pass through the filter. It has 
been established that this is approximately the same size 
as the maximum dimension of normal system-contaminant 
passed. An exception is a long narrow fiber that can pass 
through a square-weave wire mesh or edge-type media. 
Changes in contaminant type or concentration do not 
affect absolute filter rating, so this rating method is very 
useful. 

Absolute ratings of rigid filter media are not normally 
affected by pressure. Some flexible media, such as paper, 
sand and fiberglass, are shifted or compressed by changes 
in differential pressure. Someday there may be absolute 
ratings qualified by pressure to cover all media; but at 
present, no. 


Test Methods to Rate Filters 


Four rating tests are common: special test dust; glass 
beads; bubble-point test; and bottle test. The first two— 
test dust and glass beads, both adapted as MIL specs 
—were described earlier. 


Bubble-point test measures pressure needed to force an 
air bubble through pores of a submerged filter. Pressure 
reading is inversely proportional to size of largest pore 
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TEMPERATURE LIMITATIONS OF 
COMMON FILTER MEDIA 


Normal Temp. 
F 


Metals 


Normal Temp 
Limit, °F 


Nonmetals 


y' 
Natural Particles: 
Carbon 


Ceramic 
Glass 
Sand 
Stone 
thetic Particles: 
Teflon (—400 to:) 
|—F 


Ke 
Polyvinylchloride (pvc) 
Cellulose acetate 


opening, and once the setup is calibrated for a given typ 
of medium and bubble-point fluid, the reading gives abs: 
lute rating of filter directly. Here is how the test works 
The filter cartridge or medium is immersed in a fluid 
with known constant surface tension (Solox-190 alcohol i 
commonly used; hydraulic oil will work too, but gives les 
reliable results. Water is often used with porous glass and 
porcelain—its greater surface tension here gives higher 
pressure readings). Low air pressure is applied inside the 
cartridge, but surface tension of the fluid covering each 
pore prevents breakthrough of the air. The cartridge is 
rotated slowly and air pressure is gradually increased until 
surface tension is overcome; a stream of bubbles will appear 
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at the largest pore opening. If pressure is increased fur 
ther, bubbles will appear at other pore openings that are 
smaller than the first, thus giving a useful pattern of hole 
size and distribution. Pressure is inversely proportional to 
hole size (expressed as a circle), and results match the more 
conventional glass-bead test very closely. 

Bottle test (so-called) is simply a technique that meas 
ures particle size of effluent (filtered fluid) directly. A 
sample of filtered fluid is put in a bottle, and a vacuum is 
used to draw fluid through a special filtering membrane 
that is ruled with extremely fine grid lines. Examination 
under a microscope makes possible an accurate count and 
measurement of all particles over 0.1 micron in the sample. 

Of the four tests, only the bubble test does not require 
that the filter be put onstream and contaminated with 
solids. 


ONSTREAM PERFORMANCE 


. 


Onstream conditions almost always differ from test con 
ditions, and none of the standard rating tests cover all 
eventualities. These basic principles prevail, however; if 


they are recognized, proper allowance can be made. 


Migration in filter—The filter itself sometimes causes or 
illows dirt to get into the effluent. Called migration, it 
can happen in one or more of these four ways: (1) Media 
migration—a part of the medium itself breaks away and 
gets downstream of the filter. This is common with fiber 
media but might also occur in many other types. (2 
Contaminant migration can occur in some flexible media; 
contaminants on the upstream side work through to down 
stream side as pressure drop increases. Or flexing of the 
upstream surface might loosen filter cake, thereby break 
ing the particle-bridges across filter pores, and releasing 
fine solids through the filter into the effluent. (3) Built-in 
migration is dirt that gets into the filter during manufac 
ture. (+) Abrasion migration is dirt generated by poorly de 
signed parts that rub together and wear during vibration 
or shock induced by flow or other stimuli. 

Migration is not necessarily harmful if it is anticipated 
lor example, a depth-type fiber filter with known migra 
tion tendencies can be easily followed up with a low 
capacity surface-type filter that removes the bits of mi 
grated fiber. 


Flow—The flow pattern through filter media is usually 
of the laminar type, and pressure drop is directly propor- 
tional to viscosity and velocity. By comparison, flow 
through the housing is usually turbulent and pressure drop 
is proportional to the square of the velocity—normal vis 
cosities have no effect. 

Flow rates depend on open area, total thickness of filter 
medium, pore size. It is possible to have two wire cloths 
of same size with substantially the same removal rating 
but with widely different effective open areas—giving wide), 
differing pressure drops for the same flow rate. For exam 
ple: each of two cloths might be rated at 43 microns. The 
first could be a calendered 209 x 200 mesh with 0.0026-in.- 
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dia wires; the second could be a 32 5 mesh with 
0.0014-in.-dia wires. The first has about 40,000 holes per 
sq in. and 11.4% open area; the second has about 105,000 


holes per sq in. and 30% open area. It is fairly obvious 


+ 


5x3 


that the second has the lower pressure drop and the 
greater dirt capacity at a given rate of flow. 

Pressure differential— Most media can be designed to sup 
port almost any pressure drop encountered in service, but 
1 lot depends on size of element and design of support 
structure. Absolute pressure has very little effect, so long 
as differential pressure across filter element is low. 

High differential pressure has this effect: compressible 
media might deform or even flake or break, thus releasing 
contaminants, or in extreme cases be compressed enough 
to restrict flow. Small filter sizes are the least affected, 
because filtering area is small compared with other dimen 
sions—flexing is less likely. However, even in large sizes, 
support structures can be built to help media withstand 
high differentials. 

In practice, filter media can usually be categorized as 
high-pressure or low pressure though almost any medium 
can be adapted for almost any differential pressure 

Fiberglass, paper, felts, random-packed fibers and mem 
branes are usually considered 75-125-psi media. Wire and 
sintered-metal media are normally considered applicable to 
10,000-psi differential. In-between these 125 and 10,000 
psi categories are found media such as edge-type, ceramic 
stone, wound yarn and sintered plastic 

Temperature—Limit is usually a direct function of th 
lowest-temperature material in the filter assembly. Glas 
fibers can serve at temperatures over 1000 F, but if resin 
binders are used, they might have lower limits. ‘Tempera 
ture values in the table of common media materials are 
significantly lower than known melting points—deteriora 
tion of properties starts slightly above values given 

Secondary effect of temperature is a different rate of 
cooling and heating between a filter medium and its solid 
supports. This effect is difficult to predict because pub 
lished data are lacking. Design can allow the medium to 
expand or contract with relative freedom. Gradual tem 
perature changes within range will not harm the medium 
itself. Avoid sudden changes of over 100 deg | 


CHEMICAL AND PHYSICAL COMPATIBILITY 


lhe compatibility tables on next pages summarize data 
obtained from several dozen chemical companies, plus 
data obtained from filter manufacturers. Some are based 
on tests, but others are estimated from chemical charac 
teristics (a practical way to judge the new synthetic media 
and fluids). 
side, the filter manufacturer should be allowed to adjust 


Although the tables are on the conservative 


the data where his own product is concerned. This is be 
cause he may use special-alloy supports and bonding resins 
that are more (or less) compatible than the basic media 
themselves. 


text continued, page 
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COMPATIBILITY OF FLUIDS AND 


Chemical Base 


Mil. (or Federal) Spec. 


Petroleum 
Mil-H-5606A 


Petroleum 
Mil-H-6083B 


Petroleum 
Mil-F-17111 


Phosphate Ester 
Mil-H-19457 


Phosphate Ester 
(No Mil. Spec 


Phosphate Ester 
No Mil. Spec 


Phosphate Ester 
No Mil. Spec 


Fluorinated 
Hydrocarbon 
(Chlorotrifiuoro- 
ethylene) 

No Mil. Spec 


Silicate Ester 
Mii-H-8446B 


Silicate Ester 
(No Mil. Spec 


Diester 


Trifluoro- + 
vinyl Chloride 


Silicone Oils 


Chlorinated 
Hydrocarbon 
(No Mil. Spec 


Polyglycol 
Ether 


Glycol-Water 
Mil-H-7083A 


Glycol-Water 
(No Mil. Spec 


Glycol-Water 
Mil-H-22072 


HYDRAULIC AND TRA 


LIQUID 


Tradenames 


FILTERING MEDIA 


NSMISSION LIQUIDS 


ESTIMATED COMPATIBILITY 
with typical media (table, p 35) 


Normal C — Fully compatible at normal temp. 

Temp. LC — Limited compatibility if water present 
Range, °F NC — Not compatible 

NA — Not applicable (for nonchemical reasons) 





Aeroshell Fluid 4, Brayco 756, 
Codes 566, 3587, RL-102-A, 
Rayco 756, Texaco 641, Univis J-43 


—65 to 275 Lc with carbon steel 
Cc with all others 





Brayco 783, Rayco 783, Cede 3591, 


RL-94A-2, Univis PJ-44-45 


—65 to 175 Lc with carbon steel 
Cc with all others 





Chevron PTF, Kendex 7054, 
Petrofiuid 17111, Univis J-58 


—65 to 225 Lc with bronze 
NC with PVC, cellulose acetate 
Cc with all others 





Cellulube 220, Houghto-Safe 1120, 
Ohio-Apex Grade MP-280, 05-70 


+50 to 200 NC with Saran, Vinyon, PVC, cellulose acetate 
c with all others 





Skydrol 500A 


—65 to 225 LC with bronze 
c with all others 





Skydro! 7000 


—65 to 225 NC with PVC, cellulose acetate 
Cc with all others 





Pydraul F-9, 625 
Pydraul 60, 150 


+50 to 300 LC with bronze 
—10 to 200 NC with PVC, cellulose acetate 
Cc with all others 





Kel-F oils 


—70 to 500 Cc with all 





Dow Corning 1-0054, Oronite 8515 


with all 





with all 





Ucon JL-1, 2, 4,6 


with all except cellulose acetate 





m Fluorolubes 


with all except cellulose acetate 





Silicone Fluid 81644 
Versilube F-50 


with all 





Pydraul A-200 


with PVC, cellulose acetate 
with all others 





Ucon Lubricants 


with all except cellulose acetate 





Ucon Hydrolubes 


with all except carbon steel 





Houghto-Safe 620 


with all except carbon steel 





Houghto-Safe 271 
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with all except carbon steel 








Chemical Base 


Mil. (or Federal) Spec. 


Petroleum 
Mil-O-608 1 
Grade 1005 


me Si-i iley- wale), 


Tradenames 


LIQUIDS 


COMPATIBILITY OF FLUIDS 


ESTIMATED COMPATIBILITY 
with typical media (table, p 35) 





K-80, K-877, Turbine Oil 1, Turbo Oil 
5, 7A, 1OA 





Petroleum 
Mil-O-608 1 
Grade 1010 


Petroleum 
Mil-L-9O00E 


Fluoroalkyl 
Camphorates 
(No Mil. Spec. 


Silicone Oils 
(No Mil. Spec.) 


Oil-Water 
Emulsion 
(No Mil. Spec.) 
Fluorinated 
Hydrocarbon 
_BB-F-671A 
Fluorinated 
Hydrocarbon 
(No Mil. Spec.) 
Petroleum 
Mil-L-2105 
_Diester 
Diester 
Mil-H-6085A 


Diester 
Mil-L-7808C 


 Diester 
_Mil4-9236B 
Diester 
Mil-1-9236A 
Tetraester 
Tetraester 
Fiuvoroalcohol | 
Neopenty! Ester 
Mil1-9236B 
Polyglycol Ether 
(No Mil. Spec. 
Mixed Base 
(No Mil. Spec.) 


Commavio J-77, Jet Oil 1010, Kendex 
7042, NY3955, Petrolube 1010, Ray- 
co 460, TJB Oil, Turbine Oil 2, Turbo 
Oil 10, Turbojet Oil 1010, Windsor 
Lube L-110, 38, 10B, 31100, 460 





D-X Motor-Oil, Delomil, Nator, Ta- 
lona, Naturalube, Neptune, NST, 
Super Tenol 








Silicone Fluid 81644 
Versilube F-50 
Dow Corning 200 





No tradenames 





Freon, Genetron, Ucon 





Kel-F Oil 





Nator 2105 





Ucon JL-1, 2, 4,6 





A-107B, Aeroshell Fluid 12, Anderol 
L-401-D, Brayco 885, Cosmolubric No 
270, KC-85A, L-245X, No Rust 600, 
PQ Rust Preventative No. 160, Prod- 
uct 80, Univis P-38 





Aircraft Turbo $ Oil, Anderol ake 
Cellutherm 2712, CISAF, C 
Eastman Synthetic Lube No. 
Hatco 111, Turbine Oil 15, Turbo Oil 
15, WS-3650, WS-4040 


with all except cellulose acetate 





Eastman Synthetic Lubricant 9 


with all except cellulose acetate 





Anderol 825 


with all except cellulose acetate 











Fluid 350 








Cellutherm 2505A, Pentalube TP 
653-0 


with all except cellulose acetate 





Ucon Lubricants 


with all except cellulose acetate 





OS81, Pydraul AC 








with all except cellulose acetate 





AND FILTERING 


MEDIA 















































ele RA = © f + * 
ESTIMATED COMPATIBILITY 
FLUID with typical media (table, p 35) 

Chemical Base C —Fuylly compatible at normal temp. 

(No Mil. or Eed. Normal NC — Not compatible 

Specs. except where Tradenames Temp. NA — Not applicable (for nonchemical reasons 
indicated) Range, °F —mainly temperature limitations) 
Silicate Ester Coolanol 45 —6510 400 | C With all 
Fluorinated 
Hydrocarbon Genetron, Freon, UCON — 250 to 180 Cc With all 
(BB-F-67 1A) 
Fluorinated Fluorochemical FC-75 — 80 to 225 Cc With all except cellulose acetate 
Hydrocarbon 
Fluorinated Fluorochemical FC-43 ~— 40 to 355 Cc With all 
Hydrocarbon 
Chlorinated Aroclor, Pyranol, inerteen, 500 to 600 
Biphenyl : Noflamol ¥ NA Bronze, ae hoy -wocsing Bd, Orion, 

j = paper, polyethylene, Saran, Teflon, Vinyon, 
ge Sate Dowtherm A 500 to 750 nylon, sand, Kel-F, PVC, cellulose acetate 
Terpheny! Santowax R, Santowax OM, 500 to 750 

Santowax OMP 
Bipheny| No tradenames 500 to 750 Cc With all others 
Polypheny! Ether OS-124 500 to 825 
Polyglycol Ether UCON heat-transfer fluids — 50 to 500 c With all except cellulose acetate 
Liquid Sodium No tradenames 220 to 800 - Only with carbon steel, nickel, stainless alloys, 
asbestos, glass, carbon, ceramic, stone 
NA Sand 

Liquified Gas No tradenames Cryogenic Cc Only with bronze, nickel, stainless alloys 
(Several Mil. Specs.) NA _ Silver, platinum 
Water No tradenames 32 and up c With all except carbon steel 
Air No tradenames Any temp. With all 





Theoretically, corrosion resistance of a porous-metal 


filtering medium is the 
ever, the porous struct 


same as that of solid metal. How 
ure consists of particles joined by 


small bridges that are sometimes only 0.0003 in. dia; this 





various filter aid 
as or help build 


tives from fluid 


fluid viscosity and inhibit sion in hine parts 


s (granular fluid to act 
filter cake remove chemical addi 


Such additives are necessary to impr 


material added to 
tend to 


and the large exposed surface area are the controlling fac 
tors when measuring filter life under corrosive conditions 
Filter cloth with a wire diameter 0.0015 in. or larger will 
under corrosive conditions, remain onstream longer than 
a porous medium having 0.0003-in.-dia bridges. But r 
member: a porous structure with the same nominal removal 
rating has greater effectiveness than mesh, and in the 
final choice you must weigh higher effectiveness against 
longer onstream time 

Adsorption and absorption—Adsorption is a surface phe 
nomenon, absorption occurs in depth. Certain media, 
including uncoated, unimpregnated cellulose fibers and 


PRODUCT ENGINEERING - NOVEMBER 28, 1960 


must not be removed 


EXAMPLES: CHOOSING FILTER MEDIA 


1—High temperature and viscosity 


The fluid to be filtered here is hot | ghly 
cous, and will be allowed to reach 5000-psi differential 
pressure. Solids concentration is low, but absolute filtra 


tion must be in microns. Cleaning will usually be with 


solvents, but hot nitric acid is sometimes used 
Only porous stainless steel and stainless steel wire mesh 
can meet the requirements 


f temperature, pressure differ 
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FLUID & FILTERING MEDIA continued 


ential, and cleaning. The mesh type will allow fewer over- 
size particles to pass (based on nominal rating) and should 
be selected if this is a critical requirement. Its first cost 
will be lower, its size smaller, and its clean pressure drop 
less than that for an equivalent porous type. Mesh filters 
can be small because they can be convoluted to increase 
effective flow area. And the smaller over-all volume reduces 
cost of the containing vessel—important at high operating 


pre ssures 


2—Gelatinous and compressible solids 


Che fluid here is an aqueous solution containing gelatin 
ous or compressible solids—no corrosion, pressure, or tem- 
perature problems. Degree of filtration required is 10 
microns. Purpose: clarification of fluid. 

A depth-type filter medium of almost any variety is 
recommended: surface will remain relatively unclogged 
throughout most of the filtration cycle. 

Surface-type filter media would tend to clog rapidly with 
these solids and would be unsatisfactory unless a diatoma 
ceous-earth precoat and body feed are used—adding cost. 


3—Clarification (absolute final filtration) 


The filter medium needed will be downstream of a dia 
tomaceous-earth filter that has wire cloth or fabric as its 
main filtering medium. Purpose of the downstream filter 
final clarification of fluid. 

Depth type or granular-type media will work for this 
downstream filter. While initial cost of a throwaway type 
will be lower, maintenance and replacement costs of a 
permanent filter medium are less, making it more attrac 
tive. This is particularly true when flows are 50 gpm or 
more, and operation is continuous, 24 hours per day. 

Any of the granular types will satisfactorily filter out the 
diatomite. However, if the porous medium does not have 
homogeneous permeability, penetration of the pores by 
the diatomite may necessitate chemical cleaning. The 
cleaner—a hot alkaline solution—is so strong that it will 
attack ceramic, glass and stone. Therefore only porous-car 
bon and porous-stainless-steel media will be suitable. Area 
for area, porous carbon costs less initially, although it has 
somewhat higher maintenance costs. Porous carbon is the 
choice unless floor space is limited—a porous-stainless-steel 
element can be smaller in envelope volume. 


4—Slurry (2 to 5% solids) 


Any surface-type filter medium can handle slurries; but 
varn cloth, paper, or compressed fiber-pad media are pre- 
ferred if slurry has a reasonably large solids content. Yarn 
cloth would very likely require some recirculation to build 
up a cake, but would be an excellent choice. Paper and 
compressed fiber can give clear slurries on the first pass, and 
should be considered if recirculation is not feasible. 

Initial costs are almost the same for all three types, but 
replacement costs for paper and compressed fiber will run 
considerably higher than the fabric cloth medium. Other 
media are too expensive for this application, or are not 
available in a suitable configuration. For any filtering 
medium, a plate type of unit is more economical than a 
cylindrical type when fluid is a slurry. 
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5—Miniature filter for oil 


Lubricating oil (or hydraulic oil) in this example is in a 
closed system, with severe limitations in envelope size and 
weight. Filtration of 10 microns nominal (per military 
specification) is required. 

Mesh- or paper-type media are available in convoluted 
form, and can be packed with a large filter area in a very 
small volume. But final choice depends on operating 
conditions and fluid type. For low temperatures and pres- 
sures, and for standard fluids, paper is the most economical. 
When pressures and temperatures are high and fluid is 
corrosive, stainless steel wire mesh, woven or nonwoven, is 
recommended. 





What went into this report 


PRODUCT ENGINEERING’S editors have for some 
time recognized the need for a comprehensive 
report comparing all filtering media on some 
consistent basis. But there was a problem. Each 
filter manufacturer has his own techniques for 
making and applying filters, and there are so 
many catalogs available that it requires an ex 
tremely intensive literature search to digest them 

Then Pall Corporation gave a paper on servo- 
system filters at the 1959 NCIH (National Confer- 
ence on Industrial Hydraulics) meeting in Chi- 
cago. It had the desired down-to-earth approach 
We asked Pall to tackle a more comprehensive 
story covering ALL filter types. Result is this 
article by Micro Metallic’s chief engineer 

Before it was finished, over 500 man-hours of 
writing and research had gone into the article, 
with direct help—checking for accuracy—from a 
half-dozen filter companies and three dozen chem- 
ical companies. Each filter company—they are 
all competitors—agrees on this at least: use the 
article as a preliminary guide to the pinpointing 
of several suitable types of filtering media: but 
then consult the manufacturers for highly spe- 
cialized advice in choosing the exact filter package 

Our thanks specifically to these filter companies 
who looked over and commented on the perform 
ance table and text: R P Adams Co Inc, Filter 
Div of Bendix Corp, Commercial Fiiters Corp, 
Corning Glass Works, Cuno Engineering Corp, 
Permutit Co, Purolator Products Inc, and Selas 
Corporation of America 











For REPRINT of above article, just check P69 on one of the Reader 
Service Cards found in this issue. 


EDITOR’S NOTE: Details that supplement the compre- 
hensive evaluation of media given in this issue will be 
found in these previous articles on all types of fluids: 

Modern Fiuids for Power and Control, Jan 18 '60, p 56 
Covers all conventional fluids, including fire-resistant 
types; gives important physical properties and chemical 
compatibility with seals and packings. 

These Fluids for 500 F and Above, Oct 24 '60, p 45 
Extends scope to liquid metals, salts, and special organics 


COMING NEXT MONTH: 
Staff article Measuring Fluid Contamination, which describes 
all major techniques for counting and measuring contami- 
nant particles in a fluid. 
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Retractable Seal 
Makes Cleaning Easy 


Just push a hand lever; the agitator seal and glands 
of this dough-mixer retract, giving access to normally 
hard-to-clean areas. Pull handle; seals and glands 


now snap into place. 


~ Bell crank 


= 


TT Bell cronk 


ae 


. 
Operating 
crank 


Spring 
follower 


I 


q 
ua 


—_wandle 


Glond apen A Gland closed 8 


— 





HAND LEVER moves packing gland along the shaft to completely expose the 
agitator hub, gland and shaft area covered by the gland. This permits rapid 
inspection and provides better access for routine cleaning operations. Moving 
hand lever back into locking position returns the gland to operating positior 
Initial spring force on the sealing surfaces is maintained without resetting o1 
adjustment 

Pushing handle in (A) rotates operating crank outward, sliding the spring 
follower along the agitator shaft and releasing pressure on the spring. Shaft 
seal is free to withdraw from contact with the gland seal. As operating crank 
continues to rotate pin in follower reaches end of slot in connecting link, pulling 
the gland seal away from the bowl ends 

Pulling handle out (B) rotates crank inward to compress spring, pushing shaft 
seal against the gland seal. As operating crank continues to rotate, spring pres 
sure moves shaft and gland seals up to bowl end. Bellcrank contacts stop-pin 
locking operating crank and followers. Spring applies uniform pressure on 
shaft seal 

Sanitary, metal-to-metal glands are liquid-tight to seal contents in mixing bow] 
Rubbing surfaces are stainless steel, lapped to provide maximum contact. and 
spring-loaded to maintain constant pressure. Flexible tubes and grease cups ar 
used for periodic lubrication with edible grease. 


PS Dough-mixer handles up 
to 2000-lb batche thoroughly 
mixing and kneading the ingre 
dients into bread dough. Refrig 
erated mixing-bowl walls pre 
vent excessive temperature rise 
of the dough during mixing 
Stainless steel mixing-bowl! walls 
and agitator provide smooth 
easy-to-clean surface. Stationary 
bowl High-speed Dough Mixer 
900 Series, is produced by Baker 
Perkins, Saginaw, Mich 
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FLUID & FILTERING MEDIA continued 


ential, and cleaning. The mesh type will allow fewer over- 
size particles to pass (based on nominal rating) and should 
be selected if this is a critical requirement. Its first cost 
will be lower, its size smaller, and its clean pressure drop 
less than that for an equivalent porous type. Mesh filters 
can be small because they can be convoluted to increase 
effective flow area. And the smaller over-all volume reduces 
cost of the containing vessel—important at high operating 


pressures 


2—Gelatinous and compressible solids 


[he fluid here is an aqueous solution containing gelatin 
ous or compressible solids—no corrosion, pressure, or tem- 
perature problems. Degree of filtration required is 10 
microns. Purpose: clarification of fluid. 

A depth-type filter medium of almost any variety is 
recommended: surface will remain relatively unclogged 
throughout most of the filtration cycle. 

Surface-type filter media would tend to clog rapidly with 
these solids and would be unsatisfactory unless a diatoma- 
ceous-earth precoat and body feed are used—adding cost. 


3—Clarification (absolute final filtration) 


Che filter medium needed will be downstream of a dia 
tomaceous-earth filter that has wire cloth or fabric as its 
main filtering medium. Purpose of the downstream filter: 
final clarification of fluid. 

Depth type or granular-type media will work for this 
downstream filter. While initial cost of a throwaway type 
will be lower, maintenance and replacement costs of a 
permanent filter medium are less, making it more attrac- 
tive. This is particularly true when flows are 50 gpm or 
more, and operation is continuous, 24 hours per day. 

Any of the granular types will satisfactorily filter out the 
diatomite. However, if the porous medium does not have 
homogeneous permeability, penetration of the pores by 
the diatomite may necessitate chemical cleaning. The 
cleaner—a hot alkaline solution—is so strong that it will 
attack ceramic, glass and stone. Therefore only porous-car 
bon and porous-stainless-steel media will be suitable. Area 
for area, porous carbon costs less initially, although it has 
somewhat higher maintenance costs. Porous carbon is the 
choice unless floor space is limited—a porous-stainless-stcel 
element can be smaller in envelope volume. 


4—Slurry (2 to 5% solids) 


Any surface-type filter medium can handle slurries; but 
varn cloth, paper, or compressed fiber-pad media are pre- 
ferred if slurry has a reasonably large solids content. Yarn 
cloth would very likely require some recirculation to build 
up a cake, but would be an excellent choice. Paper and 
compressed fiber can give clear slurries on the first pass, and 
should be considered if recirculation is not feasible. 

Initial costs are almost the same for all three types, but 
replacement costs for paper and compressed fiber will run 
considerably higher than the fabric cloth medium. Other 
media are too expensive for this application, or are not 
available in a suitable configuration. For any filtering 
medium, a plate type of unit is more economical than a 
cylindrical type when fluid is a slurry. 
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5—Miniature filter for oil 


Lubricating oil (or hydraulic oil) in this example is in a 
closed system, with severe limitations in envelope size and 
weight. Filtration of 10 microns nominal (per military 
specification) is required. 

Mesh- or paper-type media are available in convoluted 
form, and can be packed with a large filter area in a very 
small volume. But final choice depends on operating 
conditions and fluid type. For low temperatures and pres- 
sures, and for standard fluids, paper is the most economical. 
When pressures and temperatures are high and fluid is 
corrosive, stainless steel wire mesh, woven or nonwoven, Is 
recommended. 





What went into this report 


PrRopUCT ENGINEERING’sS editors have for some 
time recognized the need for a comprehensive 
report comparing all filtering media on some 
consistent basis. But there was a problem. Each 
filter manufacturer has his own techniques for 
making and applying filters, and there are so 
many catalogs available that it requires an ex 
tremely intensive literature search to digest them 

Then Pall Corporation gave a paper on servo- 
system filters at the 1959 NCIH (National Confer 
ence on Industrial Hydraulics) meeting in Chi- 
cago. It had the desired down-to-earth approach 
We asked Pall to tackle a more comprehensive 
story covering ALL filter types. Result is this 
article by Micro Metallic’s chief engineer. 

Before it was finished, over 500 man-hours of 
writing and research had gone into the article, 
with direct help—checking for accuracy—from a 
half-dozen filter companies and three dozen chem- 
ical companies. Each filter company—they are 
all competitors—agrees on this at least: use the 
article as a preliminary guide to the pinpointing 
of several suitable types of filtering media; but 
then consult the manufacturers for highly spe- 
cialized advice in choosing the exact filter package 

Our thanks specifically to these filter companies 
who looked over and commented on the perform- 
ance table and text: R P Adams Co Inc, Filter 
Div of Bendix Corp, Commercial Filters Corp, 
Corning Glass Works, Cuno Engineering Corp, 
Permutit Co, Purolator Products Inc, and Selas 
Corporation of America 











For REPRINT of above article, just check P69 on one of the Reader 
Service Cards found in this issue. 


EDITOR’S NOTE: Details that supplement the conipre- 
hensive evaluation of media given in this issue will be 
found in these previous articles on all types of fluids: 

Modern Fluids for Power and Control, Jan 18 '60, p 56 
Covers all conventional fluids, including fire-resistant 
types; gives important physical properties and chemical 
compatibility with seals and packings. 

These Fluids for 500 F and Above. Oct 24 ’60, p 45 
Extends scope to liquid metals, salts, and special organics 


COMING NEXT MONTH: 
Staff article Measuring Fluid Contamination, which describes 
all major techniques for counting and measuring contami- 
nant particles in a fluid. 
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Retractable Seal 
Makes Cleaning Easy 


Just push a hand lever; the agitator seal and glands 
of this dough-mixer retract, giving access to normally 
hard-to-clean areas. Pull handle; seals and glands 


now snap into place. 


_~ Bell crank 


Bell cronk 


Bearing 
, Block 


7 


Spring 
| follower \ “ 
~ : 
| Connecting- i 

“ink 


—Hondle 


Glond open A Gland closed 8 


SZ 





HAND LEVER moves packing gland along the shaft to completely expose the 
agitator hub, gland and shaft area covered by the gland. This permits rapid 
inspection and provides better access for routine cleaning operations. Moving 
hand lever back into locking position returns the gland to operating positio 
Initial spring force on the sealing surfaces is maintained without resetting o1 
adjustment 
Pushing handle in (A) rotates operating crank outward, sliding the spring Ps Doug] ixer handles up 
follower along the agitator shaft and releasing pressure on the spring. Shaft to 2000-Ib batch ehorough ty 
seal is free to withdraw from contact with the gland seal. As operating crank : 
continues to rotate pin in follower reaches end of slot in connecting link, pulling dients into bread dough. Refrig 
the gland seal away from the bow! ends erated mixing-bowl walls pre 
Pulling handle out (B) rotates crank inward to compress spring, pushing shaft vent excessive temperature rise 
seal against the gland seal. As operating crank continues to rotate 


spring pres of the dough during mixing 
Bellcrank contacts stop-pin 


locking operating crank and followers. Spring applies uniform 
shaft seal 


mixing and kneading the ingre 


sure *s shaft < rls seals 2 : | 
ure moves shaft and gland seals up to bowl end Stainless steel mixing-bow] walls 
pressure on and agitator provide smooth 
easy-to-clean surface. Stationary 


Sanitary, metal-to-metal glands are liquid-tight to seal contents in mixing bow! bowl High-speed Dough Mixer 


Rubbing surfaces are stainless steel, lapped to provide maximum contact, and 900 Series, is produced by Baker 
spring-loaded to maintain constant pressure. Flexible tubes and grease cups ar‘ Perkins, Saginaw, Mi 
used for periodic lubrication with edible grease. . 
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PRODUCT DESIGNS 








SHEETMETAL STRETCHER and a 
die press combine to form shallow- 
draw panels. Finished pieces are 
stiffer than ordinary ones, even though 
metal is lighter gage, because stretch 
ing the sheet beyond its yield point 
work-hardens the metal. In the stretch 
er’s first application, making automo 
bile-door panels, tensile strength in 
creased 30% (from 45.000 to 65.000 
psi). Now, the door panel won't snap 
in and out when pushed (called “oil 
canning” ) 

Other advantages have shown up 
[The metal does not wrinkle in areas 
where there is no forming, so there is 
no need for a restraining ring around 
the edge of the sheet. Deep-draw parts 
emerge from the dies without weak, 


thin areas 


Prestretch Makes Panels Stiffer 


Moving aluminum blocks elongate sheetmetal beyond yield 
point before forming. This cold working produces stiffer 


panels from thinner sheets. 


STRETCHING takes place in two 

‘steps. First is prestretch, before the 

dies touch the cold-rolled sheet for the 

door panel. Grippers clamp down on 

two sides of the 0.35-in.-thick, 50-in 

wide sheet, and stretch it beyond the 

yield point. For this particular sheet 

the right stretch was found to be 2 in 

which is set by limit switches on the 

moving blocks that carry the grippers 

Gripper Another 1-in. stretch is added when 

the upper die descends Plungers 

inderneath the ram push down the 

moving blocks, which pull the already 
Ff J taut sheet over the male die 

Monifold At end of cycle, blocks raise formed 

Moving aluminum = panel off die. Grippers are on two 

block : \ L, sides only, so sheet can be loaded 

} - - in a third side and out the fourth, giv- 


' >» ‘ Ly . 
\ ing in-line production 
- ~~ Stotionary piston Force for the 565,000-lb prestretch 


x pull on the auto panel comes from 
ee." seven hydraulic cylinders bored out of 
| \ each moving bloc Since the blocks 
Hydrouli¢ line ” = ck _— 
are solid aluminum, steel liners with 


a 4%-in. bore are used to protect the 
Steel cylinder liner soft hydraulic cylinder walls 


Flexible connection 


PS Stretch attachment receives For working metals with a narrow 
1000-psi oil from a 30-gpm variable plastic range, a tension control rather 
lisplacement pump driven by a 25-hp than limit switches control stretch. At 
motor. The 10 gripper hydraulic cylin- tachments are designed for individual 
ders have 1-in. bore and 2-in. stroke presses by Cyril Bath Co, Solon, Ohio 
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Floating Arbor 
Positions Shells 
for Welding 


Cylinders to be welded are rotated until gap 
is at top, then knife-edge rollers keep them 
in position. Workpieces help support one 
end of arbor. 







































































¥ 








FLOATING ARBOR is supported at one end by two sets of retractable pins 
The other end is supported inside workpieces which, in turn, are held by hour 
glass-shape rolls. Ready-to-weld rolled strips are slipped over one end of the 
floating arbor. Interval between shells is determined by lugs on pusher-chain, 
which move shells along stationary arbor. Two sets of retractable pins operate 
in sequence to provide continuous support for arbor. First set of pins is 
retracted by air cylinders to let shell pass. Second set of pins supports 
arbor until shell passes first set, which closes behind shell. Second set of pins PS 
then opens to allow shell to pass. Interlock between air-operated pins prevents 
one set from opening until other set is locked in arbor. 


Shells for starting-motors are 
formed from flat-strip stock, rolled and 
welded into a cylinder. Welding rolled 


The orienting rolls under split shell rotate it until gap reaches welding posi 
tion. When the gap is at this position, spring-loaded knife-edge wheels along 
length of the arbor, prevent further rotation, and align gap for welding 

At welder end, the arber-supporting workpieces are themselves supported 
by hourglass-shape rollers, which grip the shells. Spring-loaded roller in lower 
half of arbor supports it and keeps shells in line. Upper half of arbor is copper 
back-up bar, spring-loaded to maintain contact with shells. Each finished shell 
is pushed off arbor by shells following it 
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strip requires precise location of stock 
and gap to be closed by welding. Auto 
matic shell-welder which handles 240 
pieces per hour was produced for 
Chrysler Motors Corp by National 
Electric Welding Machines Co, Bay 
City, Mich 





for service under fire— 
CONTROL CORROSION 


Metal parts for high-temperature service must withstand 
corrosion as well as oxidation. Here’s how to get more from parts that 


have to take a beating in burners. 


HERBERT L KEE, assistant edit 


O Kida only on f tl blem t metals must pay even when corrosion is not a_ problem—becaus« 
face at the elevated temperat und it rl ( strengths are higher at lower temperatures. Shielding can 
When temperatur b i re pro pay big dividends, too, though it adds to costs. Besides 
ontaminants in the or even the protecting against high-temperature corrosion, shielding 
retards the rate of heat transfer to the critical part—this 
means less likelihood of its building up thermal stresses 
isienentin 2. Reduce corrosiveness of fuel 
pecify better Corrosiveness of the fuel can be lowered by adjus 
to endut combustion, switching to a different fuel, or adding 
inhibitor. One adjustment method is to add more 
In an oxidizing flame, a clean fuel like methane gas will 
I. cause metals to oxidize and to scale, but there is less chance 
for carbon embrittlement than with a reducing flame (and 
iy be enough t with other fuels, less corrosive attack from sulfur 
of the par i Changing to a cleaner fuel usually means a higher 
ver btu. The lighter grades of liquid hydrocarbons sucl 
gasoline and kerosene do not leave corrosive residues 
ire expensive. Cheapest is “Bunker C,” the residual fra 
tion of petroleum crude after all volatile portions ar 
moved. However, this fuel retains practically all metallic 
residues, which are corrosive. Powdered coal retains sulfur 
ind its high ash content can cause erosion 
Another alternative is to retard corrosion with additive 
Chese either inhibit the effect of the metal residues at high 


Rating heat-resistant materials for corrosion conditions 





Resistance to Corrosion 





Composition, % 


at 1500 F, in./yr 
Cr Other ~ 


Ni 

(balance is Fe) With MgO additive 
50 
20 


9 
78 
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1000-Hr Rupture Strength 
of Heat - Resistant Alloys 





Cr Siete: eehees Nickel - base 
- (ferritic) Ot eae Bi, 





Stress, psi x 1000 








1400 
Temperoture , °F 


temperature or mechanica 
is not r wi With additi 
rates & > musk iding ometime 


1] 
| 


ison, corrosion rates Wi IncTcas¢ 


periods of little corrosir 


3. Choose a more resistant material 


This is the most di 
rials, however var 
variations in the combu 
is only a general guide 
Above 1000 F, conditions usually favor the chi 
nickel alloys because they have high short-time tensile 
creep-rupture properti ind good oxidation resistance 
Oxidation resistance of steel is proportional to chromiut 
content (and, to a small extent, nickel content Th 


chromium forms a tight, adhering oxide or scale wh 


protects the metal. Aluminum and silicon act similar 


' Brittleness from extended heating 
But they lower the resistance to wet-corrosion at roi 


temperature—a factor that must be remembered, especia Most his 
where condensation occurs when the part cools 
Ihe protective oxide in chromium-nickel staink 
susceptible to spalling if t mperature cycle during servi 
Chis is because these 300-series steels have a relatively hig! 
expansion coefhcient as compared to nickel-bas¢ alloy 
'ype 310 (25 Cr-20 Ni) is an exception—its oxide has k 
tendency to spall (a behavior attributed to the slight! 
lower expansion rate and higher nickel ntent in tl 
scale 
In highly reducing atmospheres that are carburizing 
most stainless steels will absorb carbon and become brittle 
Here, adding about 2% silicon markedly reduces carburiza 
ticn. A silicon-modified 310 stainless should, however, b« 
used with caution because it loses tensile ductility and im 
pact strength after long exposures to high temperatur« 
Commonly used for carbonaceous atmospheres is the cast 
HT alloy with 15 Cr and 35 Ni. Here again, silicon con 


tent must be above 1.5 for resistance to carburization 
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what's new in 
BEARINGS and LUBRICATION 


Novel configurations of journal and gas 
bearings, a new class of high-temperature 
lubricants, an instantaneous friction-test- 
ing device—these highlighted the ASLE/ 
ASME 


Boston last month. 


Lubrication Conference, held in 


NICHOLAS P CHiRONIS 


Associate editor 


mph sis at this vear’s ASME/ASLE Lubrication Con- 
is- and oil-lubricated bearings, with major 
interest focused on innovations in such fields as bevel and 


ference was on g 

elliptical bearings, restricted orifices and flew-control valves 

Improved lubricants were also in evidence. Among the 
nost promising of these were the ethers, which are a new 

lass for high temperatures; polymer additives for reducing 
tion; and vapor-deposited surface coatings. 

Highlights of this conference (the seventh of its kind 
given below. Numbers in parentheses refer to papers 
sented at the session and are obtainable either from th« 

American Society of Mechanical Engineers, 29 W 39th 

St, NY 18 (these papers are coded with the letters “LUB” 

50¢ to ASME members, $1 to nonmembers), o1 
from the American Society of Lubrication Engineers, 5 
Wabash Ave, Chicago, (these are coded “LC” and are 50¢ 


members, 75¢ to nonmembers 


GAS-LUBRICATED BEARINGS 
Restricted orifices give stiffer air bearings 


\ simple innovation—that of restricting the orifices >f 


nlet supply lines—has increased remarkably the stiffness 


haracteristics of journal and thrust externally pressurized 


hydrostatic) air bearings. This improves ability of such 


bearings (below) to withstand transient shock loads 





Bearing stiffness can be defined by its load-gap charac 
teristics. Under an increase in load, it is desirable that th« 
gap decrease as little as possible to avoid metal to-metal 
contact. By providing simple orifice restrictions, three 
British scientists, D. S. Allen, P. J. Stokes and S$. Whitley 
of the United Kingdom Atomic Energy Authority (60-L( 
17) have increased bearing stiffness and load capacity by 
50%, and have reduced significantly the power consump 
tion of the bearings when compared to those employing 
unrestricted orifices 

The orifice consists of a small drilled hole flared at its 
ests have shown that the specific load capacity 
w (load per unit area) for restricted-orifice bearings 


exit side 
w 0.25 supply gas pressure 
25 (p pz), Ib/in. 
where p ind Ps 
It is estimated that a typical bearing will require only a 
03-hp compressor. Hence, a typical installation with two 
journal bearings and one thrust bearing can easily get by 
with bottled gas 
[he journal bearings tested have one or two rov 


supply pressure, ambient pressure 


with a 0.1-hp compressor, o1 


eight orifices; the thrust bearings have six orifices 


hn equis raced circumte! ntial grooves 
jUIS] > 


Novel form of self-acting air bearing 


\ “bevel” type of gas-lubricated thrust bearing, in which 


the rotating element (slider) is held at an angle (see be 
5 | 


low) so it spins and pr sses with constant angular veloci 


ROTATING ELEMENT ( SLIDER) 


ties Q and @, respectively, was described as having good 
Ihe researchers, A. Naha 
vandi, fellow engineer at the Atomic Power Dept of Wes 
tinghouse Electric, and F. Osterle, professor of mechanical 


load-carrying characteristics 


engineering, Carnegie Institute in their study (60 LC-13 
of the effect of vibration on parallel-plate thrust bearings 
found that small oscillations of the slider can develop a 
hydrodynamic or self-acting bearing. They then went 
ahead and deliberately obtained this precession by slightly 
beveling either the slider or bearing surface (next sketch). 
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rhe bevel angle is quite small. With the help of design 
urves the authors show that an air-lubricated bevel bea 
ing with R 3 in. 1 0.75 in., » 0.0006 in., will 
support a 5.4-lb load at 1000 rpm, and an 85 lb load at 


25,000 rpm, with minimum film thicknesses of 0.0002 in 


Better starting of gas-lubricated bearings 


Starting and stopping of self-acting gas lubricated beat 
ings differs from that of oil-lubricated types in that there 
omplete absence of a lubricant having 
metal-to-metal contact gen 
can cause bearing deformations 


usually a 
boundary lubrication. This 
erates wear particles and 

Employing an analytical approach, M. Wildman of the 
Autonetics Division of North American Aviation (60 
LUB-11) recommends 

@ Outside member shoul > rotated rather than th 








haft whenever possibk , because the fri 
tional energy is les 
© Applied torque sh 


ncrease alone can cause large decreases in frictional energy 


JOURNAL BEARINGS 


large as possible. A slight 


Flow-control valves may be best 


In a comparison of three methods 
ind flow-control valve—f 
hydrostatic bearings, two Franklin Institute researchers 


capillary, orifice, 


‘ 


influencing the stiffness « 


reported that their theoretical analysis shows the flow 
control valve to offer most promise. Orifices are second, 
followed by capillary. Bearing stiffness, said $. B. Mala 
noski and A. M. Loeb (60 LUB-12) is an important cri- 
terion for mechanical tools where the position of a spindk 
1 shaft must be maintained accurately even under fluctuat 
ing loads 


In typical hydrostatic bearing system, next sketch, pump 
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ness and load, the flow must 


ause the recess pressure 1s dict 


implies varying the supply pressur¢ 


ated flow-control valve will keep fi 
of pressure changes (line 
wrifice (line S 


how mucl 


Displaced elliptical bearings show promise 


Journal bearings with cross-sections consisting of cit 
lar arcs with displaced centers have been in use for many 
years. Examples are the elliptical bearing and the thre 
lobe bearing. -However, the possibility has apparently 
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Elliptical 


\ 


Displaced 
Elliptical 


Displaced 
Cylindrical 


cent f two-lobe 
ction, said D. |] Wilcock 
He shows that when th 
displaced in a direction opposite to the shaft m 


illustrated above, the bearings have several desirab] 


ring stiffness in the horizontal position 
increased; but vertical stiffness remains essential!y 
inchanged The stiffness obtained without a signifi 
int decrease in minimum oil film thickness 
greatly increased 
ler. On the debit 


nly 


splaced-ellipt 
lrical type) 2 in 
ind to run at 


on light turbine oil load capacity of 


Summerfield numb 0.4. and 960 ps 


Pivoted-sector thrust bearings 


to analyze bricated thrust bearing 
na 


1 series of tilting, elastically deformable pads 

sketched top of next column, has been devel 
licht and EF. B. Arwas of GE, and J. ¢ 

f Ships -LLUB-10 


f tolerating |) variable loads, 


Such bearing 


ilignment, and (4) two directions 


ition of the gor 

Design curves 

h quickly give: lubricant temperatur 
film-thickn 


ition with speed and 
power loss, effect of 


ind pivot loca 


pressure profiles 
Grease-lubricated bearings 


Grease-lubricated journal bearings will operate with rela- 
ely low 


l 
efhcients of friction and low lubricant con 


imption—this is the opinion of three researchers who per- 


formed tests on 34-in.-dia bearings 
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L. J. Bradford of Penn State University, and E. M 
Barber and J. R. Muenger of Texaco Research Center 
60-LUB-5) found that a “rheodynamic” load-carrying film 
s formed in which the grease film carries the load by means 
of film pressures, with complete separation of the rubbing 
surfaces. 

Load response was similar to that of a hydrodynamic 
bearing. The effective film arc decreased with increasin 
speed. 

The range of clearance ratios extends from typical 
lubrication practice to the rather extreme ratios sometimes 
used for grease lubrication. Chart shows the trend resem 
























































bles that of oil-lubricated bearings intermediate clear 


inces gave steadiest performance small clearance ex 


hibited feeding difficulties, the larg 


cleat ince ¢ 1used 1 
ow but unsteady friction response 
Another advantage of the grease-lubricated bearing 


4 


film after loss of feed, and duri 


; 


endency to maintain 
downtime 


IMPROVED LUBRICANTS 
The ethers—new hi-temp answer 


Among the most promising of the new fluid types of 
ethers proposed as lubricants is a class of compounds 
known as unsubstituted polyphenyl ethers According to 
1 group of researchers from Shell Development Company, 
1. B. Accinelli, V. N. Borsoff, W. W. Kerlin and S. J. 
Beaubien (60-LUB-8) two of the ethers, 5P4E and 4P3E, 
show remarkable ability to lubricate gears and high-speed 
ball and roller bearings under conditions of severe tempera 
ture, oxidation and radiation properties 


In effect these ethers push up the temperature limit of 
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lubricants a full 200 deg F over the silicones—for example, 
the S5P4E can do a good job of lubrication at 800 F in a 
recirculating system for over 20 hours. The 5P4E has 
larger molecules than the 4P3E and is less volatile, but 
does not pour as well as the 4P3E at below room tempera 
ture (40 F). Pour points of the ethers are considerabls 
higher than those of the MIL-specification fluids, but this 
may be acceptable in some systems 

At normal temperatures, lube properties of the ethers, 
such as load-carrying capacity, are is those of min 


as good 


eral oils 
Polymer-thickened oils reduce wear 


There 


carrying 


debate recently about the load 


ibility of mineral oils “thickened” by adding 
polymeric VI improvers (non-Newtonian fluids) to their 
Doubts stem from the fact that these oils appar 


has been some 


base 


ently exhibit a temporary scosity loss—and lubrication 


theory predicts a related drop in load-carrying ability 
petroleum industry 


the VI 


‘his question is important because the 


inprover 


has advocated and is actly pursuing 


route in lubrication formu ation 

In a series of engine studies, E. H. Okrent of Esso R 
search (60-LC-8) has found that the addition of polym 
in bearings 


will reduce engine friction and lower the wear 


the reduction in friction and wear depending on polymer 


ae, ee 
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type and concentration. Okrent also confirmed the drop 


in viscosity, but discounted the possibility that this might 
be the sole friction and wear. Main 
point is that the polymers give better wear performance 
than their mineral-oil counterparts, as shown in curves 
above. However, it is evident that more experimental work 


is required to establish what the load-carrying ability of 


cause of le ssened 


polymers oil really is. 


Vapor deposits for hi-temp lubrication 

Inorganic lubricants with layer-lattice crystals show pat 
However, they al 
This has undoubt 


ticularly good frictional properties 
appear to oxidize fairly readily in air 
edly restricted their application—but where there is fre 


dom to depart from conventional atmospheres they have 


considerable promise as high-temperature lubricants. 


Experiments by two British researchers, D. J. Baldwin 
Tube Investments Research Labs, 
Cambridge, (60-LUB-4) show that it is quite simple to 
form and regenerate surface coatings directly by reaction 


They 


and G. W. Rowe of the 


between the sliding metals and the atmosphere. 
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nomograph measures 


CONTENTS of ELLIPTICAL TANKS 


It finds liquid volume or dimensions whether tank is on its 


side or on end, full or only partly filled. 


CDR S R HELLER JR, USN 
Portsmouth Naval Shipyard 
Portsmouth, NH 


The job of calibrating sounding rods for elliptical 
tanks requires countless repetitive liquid-volume cali- 
brations. To help cut down the work, we developed 
the nomograph shown on facing page. With minor 
adjustments, it can solve related problems as well. 


When tank is on its side 


Find the volume of liquid in tank B, which has 
the following dimensions: length L is 20 in.; width 
b, 150 in.; height a, 100 in. Depth of liquid, x, is 
SU in, 

Connect length to width with line (1). Through 
the intersection of line (1) with the inclined index, 
draw line (2) from height to center scale. Draw line 

3) from the arrowhead to depth-to-height ratio 
Find the answer—875 gal—by drawing line (4) 
from intersection of line (2) and center scale, 
through the intersection of line (3) with index, to 
the volume scale. 

Procedure is similar if minor axis is horizontal, 

in A. Width b becomes 100 in., and height a, 


»U In 


When tank is on its end 


sae 


Ee 








Ril ciate 


Volume is now proportional to depth. First find 
volume of tank itself (x/a = 1), then to find volume 
of liquid multiply by ratio depth over length. 





SYMBOLS 


= Height of horizontal tank, in 
= Width of horizontal tank, in. 
= Length of horizontal tank, in. 

Volume of liquid in tank, gal 


= Depth of liquid in horizontal tank, in 











Other applications 


Io find the liquid volume in a circular tank, set 
a equal to b and use same method as for elliptical 
tank lying down. 

If volume is known and you want to find appro- 
priate dimensions, construct lines in this sequence: 

3), (4), (2), (1). Adjust lines (2) and (1) for 
any limitations in height, length or width. 

Che nomograph can be used to find the area of a 
segment of an ellipse or circle, as long as the chord 
is perpendicular to an axis. Think of the ellipse as 
the end of a tank that is laying on its side, and the 
chord as the liquid level. Find the volume as ex- 
plained previously, arbitrarily assigning some con 
venient tank length. Divide the resultant volume by 
this length to get segment area. 

If a dimension is off-scale, divide by a factor big 
enough to bring the dimension on scale. Multiply 
volume found by the same factor. 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Electrolytic timer . . . 
has no moving parts and requit 


Puy 
VD 


D 
ip] ximately thi vk. Sela Elec 
tronics Co, 545 West End Ave, New York 
24. 
Circle 300 on Reader Service Card 


Riveting of unsupported 
sheets... 


iominal grip from 16 to .266 in 


Southco Div, South Chester Corp, 200 


Industrial Hghwy, Lester, Penna. 


Circle 301 on Reader Service Card 











L 


High-torque, low-speed fluid 
motor... 


ach peak tore 0,000 Ib-ft in 
I i 





nacr 1 l per s at continu 
\ ariable speeds 


cylinder model 


va ontrol valv rap 

rotation direction in both 

be coupled d 

lling mills, hoists 

and similar 

nt W gearboxes. From 

k at $18 und $1300. Double A 

Products Co, Sub of Brown & Sharpe Mfg 
Co, Manchester, Mich. 


Circle 302 on Reader Service Card 


MANUAL WHEEL 
r STMENT 


MLET F 
MAIN PRESSURE “aM BEF 


Pilot valve’s actuating pin... 
peeds response to pressure surges in hy 
Adjusting knob that con 
trols spring tension in pilot valve sct 


Then, pressure differen 


draulic circuits 


actuating pressure 


ss orifice between pilot and main 
valve causes main valve to open instantly 
Pressure regulation is constant from crack 
ing to full open, with differential of less 
than 100 psi from trickle to full flow and 
less than 50 psi between cracking and clos 
ng. Pin and orifice at inlet-pressure port 
self-cleaning. Unit can be used as 
raight relief, sequence or bypass valve 
Available in 30- and 80-gpm capacities 
vith straight or pipe-thread ports. Parts 
in stock for assembly to specifications 
Fawick Corp, Hydraulic-Electronic Div, 

9919 Clinton Rd, Cleveland 11. 
Circle 303 on Reader Service Card 


Load control... 

maintains a preset load on drive motor of 
equipment, machine tools or web 

handling machinery. Unit senses motor 


load through a shunt or current trans 


former in motor circuit. Signal produced 
matched against 


ntroller 


ontrol signal set in 
If signals do not match, actu 
receives a command, propor 
rror. Motors from fractional t 
hundred hp can be controlled 
ller has no tubes or relays and can 
nished in explosionproof enclosur 
ome in wide range of speeds 
Itages and enclosures, including 
<plosionproof. Jordan Controls Inc, 3235 
W Hampton Ave, Milwaukee 9. 


Circle 304 on Reader Service Card 


Pulsation pump... 

applies cam-like rotary action to exterior 
Handles four different fluids or 
gases at one time, up to 30 gph Mate 


f tubing 


rials handled have no contact with pump 


arts, minimizing cleanup time when 


hanging to different materials or colors 
Aluminum pump has a lift of 8 ft, pumps 
fluids to 30-ft head Seals off when 
Motor i 


t ppt d 


fully enclosed, explo 
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sion -safe 
$300. Custom Machine Co, 119 High- 
land Pkwy, Roselle, NJ. 

Circle 305 on Reader Service Card 


Splice connector . . . 
for joining heater wire to stranded wire 
is said to prevent open circuits by allow 
ing heater wire to nest in straight-line 
Window’ 
inspection. Also features a 
min 12-lb pullout strength. A 
dates heater wires from 25-i1 
OD, and sizes 14-18 stranded wire. Price 
$3.63-$4.97 per thousand, including 


position in connector allows 
visual joint 
ommo- 


085 to | >-1n 


of high speed electric machines. Delivery 
4-6 wk. Berg Mfg Corp, New Cumber 
land, Penna. 


Circle 306 on Reader Service Card 


Overrunning couplings . . . 
have large driving surfaces and low ov 
Direction-sensing 
heat-treated steel 
spring, wound so that it has 
ference ht on 
If turned in 
tightens, torque is built up exponentially 
along spring, coupling engages 
amount of backlash and drives 


slip. In 


running pressures 
ment is a precision, 
slight inter 
lutch hub 


driving direction, 


arbonitrided 


spring 


vith slight 
without 
overrunning direction, spring 
unwiads slightly, allowing one hub to slip 
High-speed over 
running is recommended only for short 


with respect to other 


duration cycles based 


Torque ratings ar 
on 10,000-psi shear stress in shafts. Sizes 
for shafts from # to l-in. dia. are from 
stock. Prices range from $3 to $12. In 
ternational Mechanisms, Box 25, Fairport, 
NY. 

Circle 307 on Reader Service Cord 


Finned tubing . . . 
is used in heat-transfer applications such 
l'ension 


spirally wound 


as refrigeration condenser units 
is applied to flat wire as it is 
as a continuous fin over tube. At the 
same time, tubing is under pressure against 


wire. Can be wound in continuous down 
ward direction to allow complete drainag 
at end of condensing cycle as well as un 
obstructed flow through unit. Wider spac 
ing of fin reduces clogging from dirt, lint 
and dust particles. Made from one length 
of tubing, which can be formed in a 
variety of shapes. Prices competitive with 
comparable equipment. Bootz Mfg Co, 
Evansville, Ind. 


Circle 308 on Reader Service Card 


From stock at approximately 


Ten-ratio gearbox .. . 
vith equal number of reductions and 
increases, changes ratios without tools or 
ritical adjustments. Box is placed in sp 
ified position for ratio desired. From 
tock in 4, ¥& and }-in. shaft sizes, with 
ball or oilless bearings. PIC Design Corp, 
477 Atlantic Ave, East Rockaway, NY. 
Circle 309 on Reader Service Card 


Panel lights . . . 

in be rebulbed from f 
ot snap-on 

made cither in pan 

ed with or 


10 
cn 
Elotec ¢ oTp 1425 N 


Lidcombe, Fl Monte, Calif 
Circle 310 on Reader Service Card 


1 small quantit 


Flow-control valves 
naintain flow tting tl 
tion with constant 


ire from 500 t 


ow ranges. Designec 
MIL-H-19457 
pressure is stated at 
drop at 120 F. Rat 

i ffective at temperat 

I Arkwin Industries Inc 
Westbury, NY. 


Circle 311 on Reader Service Card 


645 Main St 


Midget air cylinder . . 
perates at max 200 psi. Cor 
ind 1}-in. bore sizes with standa1 


dk ubl : 


up to 12 in. in 
spring-return models also av 
four basic mountings with 
ind flange attachments. On 

ind stainless steel piston rod ar 
manently brazed together. Hannifin Co 
Dept 126, 501 S Wolf Rd, Des Plaines 
Ill. 


Circle 312 on Reader Service Card 


High-temperature bolting . . . 


is reported to have 39% greater ter 


strength and 54% higher 


PRODUCT ENGINEERING - NOVEMBER 28, 1960 


ting in 900 t 
Made of U-212, 

to A-286 but 
12-point external 
iltimate tensil 
room tempera 

] Compare 


t. Stress 


thi igh > im 
Standard Pressed Steel 

Jenkintown, Penna. 
Circle 313 on Reader Service Card 


Compact pneumatic 
equipment . . 


C A Norgren Co, 3400 § Elati St, Engle 
wood Colo 


Circle 314 on Reader Service Card 


HOUSING CONTACT 


Printed circuit connector . . 


; 
i 





Designers find that, regardless of the size 
or complexity of sealing problems, the 
best solution lies with engineered Garlock 
products. 


On small, 10 g.p.h. centrifugal pumps 
or on huge 4000-ton hydraulic presses, 
Garlock packings and seals do.an out- 
standing job of retaining fluids longer, 
more economizvally, and with less 
trouble and downtime. 


For rotary shafts, Garlock PK MECHAN- 

IPAK* Mechanical Seals are easy to 

install and maintain. They are com- 

pletely self-contained . . . no parts to 

put together. Rotating portion posi- 

tions quickly. No parts of the seal 

PACKINGS and SEALS move on the shaft or sleeve, eliminat- 

in Design ing wear on the shaft. Garlock PK 

E P : MECHANIPAK Mechanical Seals oper- 

ngineering ate at temperatures to 212°F, pres- 

sures to 150 p.s.i. in water, oil, alcohol, 

mild acids and solvents. They are 

available in shaft sizes from 34” to 3” 

for shaft speeds up to 2000 f.p.m. and 
higher. Catalog AD-150. 


Forrams, plungers, and reciprocating rods, 
Garlock CHEVRON* Packings offer pos- 
itive, low friction service. With an ex- 
clusive hinge-like construction, CHEV- 
RON packing rings tighten to prevent 
leakage as pressures increase. When 
pressures decline, the rings ease off to 
permit free operation of the rod, ram, 
or piston without leakage. CHEVRON 
packing rings provide adequate heel 
clearance for easy installation. Once 
installed, further gland adjustment is 
rarely, if ever, necessary. Apply against 
water, steam, oil, gases and chemicals 
to 600°F. Catalog AD-115. 


GAR L O HK 


In the design stage of industrial equip- 
ment and systems, call in your local 
Garlock representative. Take advan- 
tage of his years of experience—he has 
many suggestions on ways to achieve 
greater customer satisfaction through 
good sealing practice. Call him at the 
nearest of the 26 sales offices and ware- 
houses throughout the U.S. and Can- 
ada. Or, write for catalogs indicated. 
Garlock Inc., Palmyra, New York. 


Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket Co. 


Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastics Products 


*Registered Trademark 
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Specify Garlock PK MecHANIPAK Mechanical Seals for 
centrifuga imps, auton washing machines, gear 
boxe 


Apply Garlock CHEVRON Pac! 
matic equipment like power 
presses, hydraulic pumy 





56 


double 
corrosion 
protection 


on Aluminum, Magnesium and Zinc-plated parts 




















with 
qGairikD 
CHROMATE CONVERSION COATINGS 


and 
Ginny 
CLEAR PROTECTIVE COATINGS 


Here’s a fast, easy way to practically 
double corrosion protection on your 
products. Simply follow the Iridite 
process with an application of 
Irilac. You give parts extra protec- 
tion from corrosive conditions, 
added abrasion resistance, longer 
shelf or storage life, protection from 
finger marking and increased beauty 
for a more attractive appearance 
and faster sales. 


ON ALUMINUM—An Iridite-Irilac fin- 
ish provides long life under many 
service conditions. Iridite colors 
range from natural aluminum to 
golden yellow. Additional dyes give 
other color ranges. 


ON MAGNESIUM—Irilac over Iridite 
15 increases protection, resists 
damage from handling or abrasion. 
Color range—light to dark brown. 

ON ZiINC—Iridite plus Irilac gives 
longer product life, brighter ap- 
pearance. Color range—clear Iridite 
to olive drab, plus colored dyes. 











IRIDITE—chromate conversion coatings for non-ferrous metals applied by dip, brush 
or spray, at room temperotures manually or with aut quip t. Provides 
corrosion resistance, a base for paint or decorative appeorance. Forms a thin film 
integral with the metal. Cannot chip, fiake or peel. No special equipment, exhaust 
systems or specially trained personnel required. 

IRILAC—Clear protective coatings for all metals. Safe and easy to handle os water. 
Apply by dip or brush. No exhaust or special fire prevention equipment required. 
Adds protection and abrasion resistance to base metals, plated ports or parts 
treated with electrolytic or chemical post treatments without chemical change. 

f— 








For i technical informati on IRIDITE or 
IRILAC coatings, write for FREE TECHNICAL MANUAL. 
Or, see your Allied Engineer. He's listed under “Piat- 

ing Supplies” in the yellew pages. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET » BALTIMORE 5, MARYLAND 

BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 

Wed Covet Lense for Process Chemmete | M Butcher Co 

Ferepeos Agen! Stes Cronberge Segoter |0 Stechhete Swedes 

Chemo! ond Electrochemco! Processes, Anodes Rectihers, Equipment end Suppbe: fev Meta! Fuuahing 





CLD’) GD" CED" ax" | 
Orromotes Coatings Brightenens Supplies Eqviprens 
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COMPONENTS * MATERIALS * PROCESSES 


. continued 


gold plating. Contacts are made of phos- 
phor bronze, gold over nickel. Block, 
4.281 long, with a .156 center-to-center 
spacing laterally between contacts, is ester 
alkyd, glass-filled. AMP Inc, Harrisburg, 
Penna. 


Circle 315 on Reader Service Card 


Air, water, oil valve .. . 

works at 10,000-psi pressure and with 
stands 15,000-psi surge. 
stated at over 30,000 psi 


Burst pressure is 

Made in 2-, 3 
and 4-way models with closed and open 
Slight area differential unbalance 
on seals reportedly prevents excessive turn- 


centers 
ing torque at high pressures and causes 
sealing force to increase as service pressure 
rises. Sizes range from “% to 1-in. with 
hoice of internal pipe or internal straight 
threads. Republic Mfg Co, 15655 Brook- 
park Rd, Cleveland 35. 

Circle 316 on Reader Service Card 


Compact snap switch .. . 

features a full %-in. overtravel in its total 
plunger travel of ¥2 in. Rated at 10 amp, 
125 v ac or 5 amp, SPDT and 
SPST versions come with snap-in bezel for 
front mounting or threaded bushing for 
back mounting. All terminations are 
Samples available im 


250 v ac 


located at one end 
mediately; production models, as of Jan 
1. Ucinite Co, Div of United-Carr Fast- 
ener Corp, Newtonville 60, Mass. 

Circle 317 on Reader Service Card 


External wrenching bolts . . . 
come in high-tensile steel and high-tem 
perature heat-resistant materials. External 
head, suitable in high torquing for greater 
preloads, accepts standard box and socket 
wrenches. Twelve-point bolts are said to 
meet requirements of MS9033 through 
MS9039 for high-temperature use and 
MS9088 through MS9152 for high 
strength to weight ratios. 
some sizes. Mercury Air Parts Co Inc, 
High Temperature Div, 9310 W Jefferson 
Blvd, Culver City, Calif. 

Circle 318 on Reader Service Card 


continued on page 60 


From stock in 
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When vour fine 


When 
like 
differential 

Tooth to-tooth ace 


permul 


you work with fine pitch gears 


those in this naval fire control unit 
tolerances are critical 
uracy is extremely 


import int to the guns to be 
sighted precisely on target 
So where accuracy is really critical in 


the gears you make, Gleason can help 


you three ways 


1. Machines that cut or grind 
any fine pitch gear 
You can produce any fine pitch gear 
spiral bevel, hypoid, Zerol®, or Coni 
flex® economically with 


exactly and 


any of five Gleason machines. 
Three automatic gear-cutting genera 
the held of 


pitch bevel gears up to 44” 


tors cover entire cut fine 


diameter! 
automatic, grinders 


this 


Two wet-type 


available for same of work 


range 


are 








ind produce the ultimate in accuracy. 
All tive work t 


heations 


your most rigid speci 


2. Machines that test gears thoroughly 
The Gleason N 104 Hypoid lester 
for example, checks running qualities, 
tooth concentricity of 


spacing und 


gears. It records test results 


on paper sO 
that you have a permanent record of the 
total tooth-to-tooth composite error 

3. Engineering services 


Gleason engineers are ready at all times 


’ GL} 


x W 


to help you wit! 
ind manufacture 

Simply write 
isistance on any 


requirements. 


n\ 


a time 


pitch gears must be accurate 


pits 


Send for these bulletins: 
2 \ Straight Bevel Coniflex 


». LO3 Straight Bevel 


’ 
onitliex 


0. 2 Hypoid Cenerator 


105 Straight Bevel Coniflex 


7 Hypoid Grinder 


104 Hypoid 1 


el 


{ 


ASON WORKS 


1000 UNIVERSITY AVE., ROCHESTER 3, N. Y. 





Design of variable volume 


AXIAL PISTON =) 


HYDRAULIC PUMPS 


for systems 
up to 5000 psi 


LOCKING LEVER 


ASSEMBLY 


CYLINDER BARREL 
BEARINGS __ 
SHAFT SEAL 


ADJUSTING KNOB 
PISTON 





INDEX PLATE 
CREEP PLATE 


HANGER 


HANGER HOUSING 


Pe 


PORT FLANGE MINIMUM 
DELIVERY 
LIMIT STOP 
ADJUSTMENT 


—), 


spall 
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By: Ellis H. Born 

Director of Sales-Engineering 

Denison Engineering Division 

American Brake Shoe Co. 

Columbus, Obio 
With today’s ever-increasing require- 
ments in the transmission of higher 
horsepower, the designer must look 
to hydraulic components that will 
give the greatest transmission effi- 
ciency with the lowest possible cost 
and the smallest possible package. 
With smaller, lighter, more power- 
ful equipment — operating pressures 
of 2000, 3000 and 5000 psi are 
becoming commonplace. To meet 
the needs of higher pressures with 
a high degree of reliability, axial 
piston pumps and motors of proper 
design should be considered. 

For 5000 psi requirements, the 

axial piston pump (illustrated) is a 


HANDWHEEL CONTROL 


. with locking device for accurate 
manual pump volume regulation 


STEM CONTROL 


provides mechanical linkage ro the 
driven equipment 


HYDRAULIC CYLINDER CONTROL 


similar to stem control, except 
volume is hydraulically regulated 


logical choice. it operates on the 
principle of a series of pistons in a 
common barrel that progressively 
draw oil into the barrel on the 
suction stroke and force oil from 
the barrel into the line on the dis- 
charge stroke. 

With this simple axial piston 
design, direct and unrestricted flow 
into the pumping assembly is pos- 
sible, eliminating the need for the 
large flow areas used and the moving 
seals which, in turn, eliminates main- 
tenance. Direct flow path further 
insures good suction characteristics 
—a highly desirable operating advan- 
tage for obtaining efficient hydrau- 
lic performance. 

The port plate of the Denison 
pump is designed as an axial hydro- 
static bearing which balances out the 
thrust of the cylinder barrel, leaving 


ELECTRIC MOTOR CONTROL 

adjusts pump volume to desired 
level. Integral brake in gear-head 
motor eliminates over-travel 


PRESSURE COMPENSATOR CONTROL 


. affords automatic regulation of 
pump volume to meet preset pressure 
demands 


ELECTRO-HYDRAULIC CONTROL 

. .utilizes sensitive, system error- 
detecting unit which energizes hy- 
draulic volume control piston 
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only sufficient force to create a posi- 
tive seal contact between the cylinder 
port plate and the cylinder barrel. 
Because of reduced thrust, wear on 
mating surfaces is decreased and 
pump life is greatly extended at all 
pressures up to 5000 psi. 

Where variable volume is required, 
it is logically desirable (for efficiency, 
simplicity and low maintenance) to 
eliminate the need for varying the 
position or angle of the cylinder 
barrel to regulate volume. In the 
Denison axial piston pump, output 
is simply regulated by varying cam 
plate angle. Zero to full flow or 
flow reversal is regulated by hand- 
wheel, hydraulic cylinder, stem, 
electric motor, compensator or 
electrohydraulically. 

In the Denison design, the line of 
action of the combined radial load 
of all pistons is through the roller 
bearing supporting the cylinder 
barrel. The use of a large bearing 
provides non-deflecting support for 
these radial forces. Asa result, 
unbalanced or twisting offset that 
would tend to unseat the cylinder 
barrel from the port plate is elimi- 
nated. A continuous, effective seal- 
ing action of the barrel against the 
port plate is maintained to promote 
high pumping efficiency. 

Piston and shoe assembly design 
also reduces by one-half the number 
of ball and socket couplings found 
in other types of axial piston pump 
construction. The shoes hydrauli- 
cally balance out all piston thrust, 
eliminating need for thrust bearings. 

Data and specifications on 5000 psi 
pumps, motors and controls are avail- 
able from your Denison representa- 
tive—located in principal cities—to 
assist you in developing hydraulic 
systems for maximum efficiency 
and economy. 


NEW CATALOG 
FOR DESIGNERS 


DENISON 
AND ENGINEERS Re 


Write for your = 

copy of Bulletin 

220 —“Hydraulic 

power to 5000 psi”. 

Includes complete specifications, 
operating data and applications for 
Denison’s full line of hydraulic 
pumps, motors and controls. 


DENISON ENGINEERING 
DIVISION 


American Brake Shoe Co. 
1194 Dublin Road + Columbus 16, Ohio 
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COMPONENTS * MATERIALS + PROCESSES 


continued 


Prefabricated valve-panel 


sections ... 
ffer integral J.I.C 


mal equipment 


flared-tube 
Outlet 
ibe installation time and pr 
} 


\ screwed-in t 


eliminating 

or. Panel sections serve as | 
ubplate ind valve mounting 
Birmingham Hydraulics Inc, 


Dequindre, Hazel Park, Mich. 
Circle 319 on Reader Service Card 


Precision gears... 
f 24, 48, 72, 80, 96, 120 and 


pitch are available from stock 
eel, aluminum, nylon 
ind in either split or clamp typ 
Made to AGMA standards, gea 

ome in precision 1, 2, 3 and ultra-pr 

n |. Sterling Precision Corp, Instn 
ment Div, 17 Matinecock Ave, Port Wash 
ington, NY. 


Circle 320 on Reader Service Card 


Instrument bearings . . . 
hay urvatures designed to put equa 
tress at 


, high-shoulder raceways expand con 


inner and outer 1aces. Deep 


llipse, and loose-clinched ribbon r 
r reportedly provides minimum break 
torque and freedom from hangup 
Sizes range from % to %-in. OD. Reed 
Instrument Bearing Co, Div of SKF In 
dustries Inc, Front St and Erie Ave, Phila 
delphia 32. 


Circle 321 on Reader Service Card 


Hermetically sealed selector 

switch . . . 

provide Z, 3, 4 5% 6 and 12 eke 

trical positions, with variations from 4P27T 

14P2T on 2-position units o1 

1P12T through 4P12T on 12-position d 
Primarily for remote switching fun 


through 


vith six varieties of both stepping 
lective controls available. Include 
itage ratings from 6 v, de to 24 
Stepping rate is stated at 30 milli 
nds; switch rating, 500 v (rms); con 
tact rating, 242 amp resistive at 28 v, dc; 
coil to case; life 
ancy, over 4 million steps; and leak 


dielectric, 1200 v (rms) 


we rate, less than 1 atmospheri of ain 


per year. Prices range from $ 6.25 te 


$187.55 in quantities of 1-9; from $37.2 
to $105.30 in quantities of 100-499. De 
livery, approximately seven vk after spec 
ire determined. Ledex Inc, Dayton, Ohio. 


Circle 322 on Reader Service Card 


Solenoid valve... 
has waterproof coils hermetically sealec 
in epoxy resin, which makes them imper 
us to moisture and ¢ emes of hot and 
"4 vy 60 cps 
50/60 p 
Now standard 
n is manufacturer's valves at no addi 
Jackes-E.vans Mfg Co, 4427 
Geraldine Ave, St. Louis 15 
Circle 323 on Reader Service Card 


tional cost 


O-ring molding flashline . . . 
s placed away from centerline, where rin 
not subject to w his said to in 
rease ring hif vailable rings include 
oscillating 


; and small driv 


moving type for reciprocating 
rotary and pneumatic seal 


belt 


Ss; and nonmoving type for vacuum 
nd seat seals and flat gasket 


from 1/32 to 6! in. ID 


»1z¢S Tange 
E-ffectis at 
tary speeds not exceeding 1500 ft pet 
minute. Shurclose Seal Co, 17411 KE War 

ren, Detroit. 
Circle 324 on Reader Service Card 


Midget rotary tap switch . . . 
is conservatively rated to break 1 amp at 
115 v, ac resistive circuit and to carry 
amp. Tests indicate a i100,000-cy life 
Single deck, SP-enclosed 


switch can be provided with stops stand 


expectancy 
ard on two to five positions and six pe 
tions normally supplied for continuous 


tation service. Features 60° indexing with 
i stop strength of 10 Tb-in. and a rotational 
Hous 
ng and flange are made of .0003 to .0005 
n. cadmium-plated brass. Grayhill Inc, 
561 Hillgrove Ave, LaGrange, IIl. 


Circle 325 on Reader Service Card 


torque of approximately 12 oz-in 


Ac voltmeter .. . 

is of vacuum-tube design and is said to 
lakes no 
than standard panel meter 


provide 1% accuracy, full scale 
mor;re Space 
vhen mounted in operating or test equip 
ment. Has 5.75-in. rectangular meter with 
+43-in. mirror-backed scale and weighs 


16 oz. Available in single-scale sensitivi 


ties ff 


pedance of megohm and 


makes instrument suitable 


ments from 50 to 50,006 

wer source of 6.3 v, ac or > a 
for filaments and 200-250 v, dc at max 4 
ma for plate supph I'rio Laboratories 


Inc, Plainview, NY. 
Circle 326 on Reader Service Card 


Turns-counting dial brake . 
illows dial to be set and locked with 
hand without disturbing setting. W1! 


| } 


locked, braking catch appears at san 
Measures 14% in. dia x 
deep and mounts on }-in. shaft. As « 


full turn 


n all dial 


ompleted, transfer of sing 


1umber in viewing window takes pla 


vhile knob is rotating less than one " 
division. Available from stock at $5 
in unit quantities. Spectrol Electronics 
Corp, 1704 S Del Mar Ave, San Gabriel 
Calif 


Circle 327 on Reader Service Card 


Torque transducer . . . 
with frequencies between 4 


00 eps. Works int 


rders and amplifiers 


perate 
conventional 
rcuitry and into oth equipment 


Linearity is stated 


slight modification 


it 1% over operatin 
lumuits at 60 to 450 I 
% of full scale overload. Availabk 


nine standard in 


’ > ’ roatur 
range, temperat i 


Said to withstan 
ranges from 0.50 t 
10,000 and in speed of 6,000, 25,000, 5t 
10 and 75,000 rpm. Crescent Engineer 
ing and Research Co, 5440 N Peck Rd, E! 
Monte, Calif. 


Circle 328 on Reader Service Card 


Remote-reading load-cell 


system... 


reads forces, in pounds, over 


Inverse-ratio circuit, using semi 
entirely, carries sufficient voltage f 


} 


egral magnification. 


t 


Eliminates need for 
tubes, amplifiers and costly circuitn \ 
many i 


one indicator 


four load cells can be used with 
which totalizes individua 

Accuracy is reported to be withi: 
1 of 1% of full 


I apacity at any pomit on 
dial. Sensitive t: 


load changes of of 1% 


of scale capacity. Available in tensile, com 
I 


pression or combination push-pull types in 


27 capacities from 150 to 200,000 Il 


continued on page 62 
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NORGREN SALES AND 


servicenernsacaranves MW Norgren Line 


ATLANTA 11, GA. 
Air & Hydraulics Eng., In 
Diamond 4.3433 
BALTIMORE 18, MD. 
N. B. Cochrane Co. 
HOpkins 7-4884 
BIRMINGHAM 6&5, ALA. 
Air & Hydraulics Eng., In 
Alpine 2-6101 
BUFFALO, W. Y. 
Goll-Hanford Corp 
$Pring 7200 
CEDAR RAPIDS, IOWA 
Walter Norris Eng. Co 
EMpire 3-0438 
CHARLOTTE 7, W. C. 
W. Kinnear & Co., In 
FRanklin 6.7553 
CHICAGO 6, ILL. 
Walter Norns Eng LO 
Tate 2-2804 
CLEVELAND 7, OHIO 
F & W Ursem C 
LAkewood | 9136 


DALLAS 35, TEXAS 
Leo. J. Schindier Co., Inc 
LAkeside 8.0517 
DAYTON, OHIO 

K.C. Mosier 

BA 4-9805 

DENVER, COLO 

E.C. Wild C 

SHerman 4 

DES MOINES, IOWA 
Walter Norris Eng. Co 
ATlants 878 
DETROIT 28, MICH. 
William H. Nash Co., Ir 
BRoadway 3.7493 


EVANSVILLE, IND. 
Neff Engineering ( 
GReenleat 7-414) 


FLINT 2, MICH. 
William H. Nash Co.. Inc 
CEdar 5-0444 


FT. LAUDERDALE, FLA 
Air & Hydra singin 
LUdiow 3.565 

FORT WAYNE. IND 
Neff Engineering 
EAstbrook 7391 & 


GRAND RAPIDS. MICH 
William H. Nash Ce 
GL 2-0929 


HARTFCRD, CONN 
Pearse-Pear Cc 
Broomfield, ( 

Hape! 2-7 
HONOLULU 13, HAWAII 
Chapson Br Ltd 

) - 306 
HOUSTON 11, TEXAS 
Leo J. Schindler Ce 
WAlnut 3.2525 
HUNTINGTON, W. VA. 
K. C. Mosier Co 
JAckson 5-483] 
INDIANAPOLIS 2, IND. 
Neff Engineering ( 
WAinut 5-531] 

KANSAS CITY 15, 

Air Equip. Ce 

DRexe! 1.3709 

LOS ANGELES, CALIF. 
The Teglea Eng. Co 

So. Pasadena, Calif 
MUrray 2-2856 
LOVISVILLE, KY. 
Charles Weber Co 
MElrose 7-2574 


C. L. Thompson Co 
Hilitop 4-4817 


==" of Compact Units 


MOLINE, ILL 
Walter Norris Eng., C 


or for processing compressed air 


Pearse-Pearson Co., In 
Hilicrest 4-1090 


NEWARK, W. J. 
K. E. Knotts Co if 


Westheld, N.J . 
~—— — a. 8 Manual-Drain 
rclay 7 5 Yy _ . 
OKLAHOMA CITY, OKLA Compressed-Air Filter 
Nix Supply Ce af y 
ORange 7-6623 4 Model 30AJ-1— 
PHILADELPHIA, PA. J] \%" pipe size 
J. A. Moody C : 
Wayne Pa 
MUrray 8 3750 


ey er gy Filter- Pressure Regulators 


Alpine 8-644] > ~ Regulator sae meh, ea 


PITTSBURGH 26, PA 


Leonard R Noutie, In 4 Combination eee 
LOcust 1-1628 : , and %" pipe sizes 
PORTLAND 8, ORE. Hy Units 


Power Transmiss 
Products 


A 7-127: Type 73AB 
~oeee: Jats . Diaphragm-Type 
GAspee 1-2557 Re F: j 

Relief Valves 
RICHMOND 20, VA. 
C. Arthur Weaver Co. | Type 40AB8—for air, water, 
Elgin 9-571 . oil and similar fluids—‘%" and 
ROCHESTER 18, N.Y pipe sizes 
Goll-Hanford Corp 
GReenfield 3-8323 


ROCKFORD, ILL. 
Walter Norris Eng C 


wOodiand 3.2811 Micro-Fog Lubricators 
SAN FRANCISCO, CALIF. Automatic- 


psehentin tet Cantante € Mode! 10AG-1L—\ubricates air-operated 
' ul roducts ( . 
Burlingame, Calit Drain , equipment and machine bearings. 


Diamond 729 
‘ Model 10AH-1L—lubricates air- 
SEATTLE 8, WASH. Compressed-| operated equipment 


George W. Warden C . . 
ATwater 3-062 Air Filter Both models 4” pipe size 


SHREVEPOART, LA. 
Harris Frederic & ( 


455 & 5-7456 Model 30B)-1 


% pipe size. 








Micro-Fog 
Lubro-Control Units 





ST. LOUIS 10, MO. aan The new Norgren compact 
turgis Equip. C tae units may be used singly or in 
OLive 2-5380 a combination. Illustrated is a 
STRATFORD, CONN : 4 lubro-control unit made up of 
Pearse-Pearson Co. | 2° a 30AJ-1 filter, 20AR-1GG 
DRexel 8-2992 ‘ regulator and 10AH-1L 
SYRACUSE 3, WN. Y. \e lubricator—'%" pipe size. 
Ralph W. Ear! Co 3 
GRanite 5-5145 
TULSA, OKLA. 
Nix Supply Co . : 
Diamond 3-8916 Norgren compact units give you big performance in small space 
VANCOUVER. 8. C. For complete information on the complete line of Norgren filters, 
Galbraith & Sulley, Ltd 4 regulators and /ubricators in all sizes, call your nearby 
CHerry 5121 Norgren Distributor, listed at left—or write for brochure NA-3. 
LACHINE-MONTREAL, © 
Que. ; 


Cowper Co.. Ltd re wu, 2 a = © = 5 a FOUNDED 
MElrose 7-6746 | .. 5 Co , , ~ NI ( 2 © me IN 1926 
TORONTO, ONT. 9 


John Spotton Co., Lid 
CLifford 9-8276 


3428 SOUTH ELATI STREET « ENGLEWOOD, COLORADO 


PRODUCT ENGINEERING - NOVEMBER 28, 1960 CIRCLE 61 ON READER SERVICE CARD 61] 





ELIMINATE 


NOW! 


COST 


Patent No 2.621 171 


Chav-Lynn HYDRAULIC 


ORBIT MOTORS 


Deliver HIGH TORQUE at LOW SPEED 





SPEED REDUCTION 





Now you can eliminate costly and cumbersome Speed 
Reducers — Save valuable working space — Increase efficiency 
— Reduce Maintenance costs with CHAR-LYNN ORBIT 
MOTORS. 

These Motors offer you a new concept in fluid power 
mechanics and provide a practical and economical solution 
to the problem of providing HIGH TORQUE — at LOW 
SPEEDS for Constant and Variable speed drives — Hydro- 
static Transmissions and Remote Controls 
* SPEEDS from 10 to 800 R.P.M. 
® TORQUES up to 3300 inch Ibs. 

* Starting TORQUE substantially equal to running TORQUE 
* High Volumetric and over-all efficiency 

* Compact and low in weight 

* Standard mountings available 


FOR DETAILS ON THESE HIGH TORQUE... 
LOW SPEED Motors write to: 
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COMPONENTS + MATERIALS « PROCESSES 
continued 


Prices said to be half that of conventional 
strain-gage types. One model load cell 
$34 readout indicator, $495. W C 
Dillon & Co Inc, 14620 Keswick St. Van 
Nuys, Calif. 

Circle 329 on Reader Service Card 


Epoxy adhesive kits . . . 
including epoxy and hardener, provide ad 
hesive mix that jells in 4 hr and hardens 
in 24 to 48 hr at room temperature. Cur 
, time is shortened in higher tempera 
ture Kits available: | pt epoxy and 4 
pt hardener, $3; 1 qt epoxy and 1 pt hard 
ener, $5; and 1 gal. epoxy and 4 gal hard 
ner, $15. Schwartz Chemical Co., 50-01 

Second St, Long Island City, NY. 
Circle 330 on Reader Service Card 


Data on machine screws. . 
nuts and washers is included on 17 x 2-in 
self-adhering strip suitable for attachment 
to desk, drawing board, et Informatio 
1 dimensions, threads and federal speci 
fications are included 50¢ each. WEI 
Fischer, 79 Connecticut Ave, Freeport 
NY 
Circle 331 on Reader Service Card 


oF ti ARRAY Mint tall 


Split rule... 
has measure starting in center and runnin 
outward in two directions. Made of alu 
minum and priced at $2. Fairgate Rule 
Co. Inc., Cold Spring, NY. 

Circle 332 on Reader Service Card 





Sensitive dynamic 
torque-meter 
reads values from 4 to rad 1 at 
peeds from 0 to 5000 rpm bidirectional); 
Available in three ranges—10, 25 and 
gm-cm full scale—torque-meter ha lear 
icrylic housing which permits reading 
from either side. Both dial and pointer 
rotate, resulting in 10 gm (plus coupling 
weight to connected load. Movement is a 
balanced dual spring, direct-reading el 
ment with no gears through 325 degre« 
scale, 53 in. long. Accuracy is said to be 

Over-all length 43 in. Built-in 
“pip’’ voltage coil triggers a strobe on 
each revolution to read rotating torques 
over 100 rpm. $98 each; set of three, 
$285. Power Instruments Inc, 7352 N 
Lawndale Ave, Skokie, Ill. 

Circle 333 on Reader Service Card 
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REPRINTS | 


Reprints currently available without charg: 
ure listed on the Reader Card 
this issue. Single free; 
quantity prices on request 


Service 
bound in copy 
The following special reports are avail 
the supply lasts, 
Reader Service Dept., Product Enginee: 
ing, 330 W 42nd St, New York 36 
enclose remittance 


ible as long as from 
Please 
with order; we pay 


postage 


R48—Reinforced Plastic Parts 

Combined reprints of 11 articles 
design data on the 
commercial parts, 64 pp 


seven proc 


sses 


R69—Human Engineering 
Series of 14 
man-machine problems, plus bibliography 
44 pp $1.50 


articles with design data on 


R77—The New Mathematics 
Combined reprint of 18 articles on th 
latest math tools of sys 


64 pp S 


tems engineering 


R76—Creativity 
Combined 


} 


reprint of | urticles on tl 
facts behind the fad. 32 pp $1 


R66—The European Engineer Talks 
The Ameri 
design for production disclosed by inter 
with technical direct 
24 pp $] 


challenge to in proficiency in 


views rs im Six coun 
tries 


R16—Plate Cam Design 
Series of 7 
data; and 
to reduce inertia, 48 pp $1 


articles with complete desig 


curve blending profile synthes 


R65—Reading, Writing, Reporting 
Combined 


reprint of: 5 steps to faster 
reading: 8 steps to better writing: 7 steps 


to better reporting, 24 pp $1 


R46—Manual of Reliability 


How to design for reliability, human fac 
statistical 


program, 32 pp 


tors, tools; implementing the 


S0¢ 
R4i—Design by Digital Computers 

How to choose and operate desk-size prob 
lem solvers 50¢ 
R75—Radiant Cooling 

Design techniques and new data 
R74—Right-angle Gears 

Guide to 16 available types 


R73—Digital Readouts 


How they work; how to choose one. 


R62—High-speed Photography 
How it can solve design and test 


lems, 12 pp. 


R53—Significance of WK" 
Selecting Motors for high inertia loads. 25¢ 
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wiv FULL FLUID STEERING 


DESIGN FLEXIBILITY 
Allows and most con 
venient positioning of steering 
wheel Eliminates cumbe 
mechanical linkage to 
around engine and along 
OPERATES ANY POWER 
ACTUATOR 
Can be with simple pi 
steering cylinder rotary cylinder 
— or hydraulic motor 
ALLOWS SOUND AXLE DESIGN 
All major steering forces can be 
contained at proper place the 
axle. No thrust members needed 
along frame or at cockpit 
REDUCES STEERING EFFORT AND 
REMOVES DRIVING SHOCK 


optional 


rsome 
weave 
frame 


used wer 


For full details on the 
ORBITROL Write today 
Wee 


1960 


COMPACT SIZE 
Wheel mounts on unit — no high 
forces of gear box to anchor. 
ELIMINATES MAINTENANCE 
PROBLEMS 
Minimizes lubrication points—re- 
duces number of highly loaded 
thrust parts. Removes worm 
chipping” sector scuffing 
cam wear’ problems. 
NO HUNTING 
Stable contro! removes tendency 
of low frequency hunting in high 
mass-ratio system 


REVERTS TO-MANUAL CONTROL 
AUTOMATICALLY 


In event of engine failure or power 
loss 





PAT. APPLIEO FOR 
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(L>imyg Vdtro\ eLectric CLUTCHES & BRAKES 
arapa y \EL 


.In New 





HONEYWELL 


VISICORDER® 
OSCILLOGRAPH 


Here you see a classic illustration of 
the adaptability and versatility of Sim- 
platrol Electric Clutches and Brakes. In 
this new Honeywell Model 1012 Visi- 
corder Recording Oscillograph two sets 
of Simplatro! Duplex clutches, two Sim- 
platro! clutches and one Simplatrol brake 
form a compact, swift, silent and sure 
“team”. 

The Heiland Division of Minneapolis 
Honeywell hos set an extremely high 
standard of speed and accuracy for this 
clutch and brake installation. Simplatrol 
has met the challenge. 

in Simplatrol! electric clutches the pat- 
ented diophragm makes the difference 
- . + it's the only moving part in the 
Simplatrol clutch and brake. 

Ask for special Simplatrol literature on 
large, miniature and small and fixed field 
clutches and brakes. 


gee Spey ggr ea 


Sennneeeennenetiee sine ee a ee 


ar NYLON & THemmo. 
Ng 
GRC 


ies 


parts from 


Economically mass 
produced on fully 


automatic patented 9 
machines GRC nylon parts , 

are available from stock “Ny 

in many sizes and types 

GRC uses single cavity, 

techniques, molds in one 

automatic cycle, gets Co 

accurate, uniform parts. NYLON SCREWS AND NUTS 
These advantages, these 

economies, apply too, to GRC’s complete line of high quality, clove 
tiny made-to-order parts to iP = tolerance molded nylon serews and hex nuts 
your specifications include serews in standard commercial heads 


in quantities of 25.000 to msuiatons 4 ——Phillips or slotted types—in sizes from x4 
BUSHINGS 


many millions. Write for 
bulletin describing GRC's 
unique method for injection 
molding small plastic 

parts or send prints for 
quotations. Ask about cur 
zine alloy die castings too! 


NO SIZE 
TOO SMALL 


Maximum: 
1%” long 
—.03 oz 


” 


e “4”; hex nets in ten sizes (22 thre 
5/16") GRC molded nylon miniature machine 
serows — half the weight of aleminem — in 
sizes from as small as 20—make more com 
pact designs possibile. GRC’s single cavity 
molding technique adds exceptional uniformity, 
accuracy, economy te nylon’s high strength-to- 
weight ratio, built-in electrical insulating 
qualities, stability, resilience and lasticity 
GRC's molded fasteners are available in Nylon 
or Delrin in a wide range of types, sizes and 
lengths 


Write for samples, 
prices and GRC's 


New Detailed in- 
dustrial 
Catalog. ° 


GRIES REPRODUCER CORP. 
World's Foremost Producer of Smal! Die Castings 


159 Beechwood Ave., New Rochelle, N.Y. * 


NEw Rochelle 3-8600 
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246-9 


implatrol products corp. 
24-7 SALISBURY ST., WORCESTER, MASS. 


Representation in Key Industriol Areas 
CIRCLE 204 ON READER SERVICE CARD 


AGASTAT 


for every time/delay/relay application 


Here's what you get with every Agastat time /delay /relay 
Easy adjustment 
Repeatable accuracy 
Instantaneous recycling 
Unaffected by voltage variations 


Low power consumption 


GET THE WHOLE STORY—write today for Bulletin No. SR-10 and find 
out how Agastat can help you to solve your time delay problems. Write 


to Dept. A-35-1126 


AGASTAT TIMING INSTRUMENTS 


ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
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Organizational Systems 
and Engineering Groups 
LOUIS B BARNES. Division of Research, Har 


vard Business School, Soldiers Fieid, Boston 63 
5% x 8, 190 pp. $3.50 

The comparative study of behavior 
in engineering work groups reported 
in this volume represents an outcome 
of the continued emphasis on organi 
zational behavior in the research pro 
iness School 


with the more 1 nt history of 


gram of the Harvard Bu 
In line 
research work in this field, this book 
reflects the 


ind appl theories an methods 


renewed ctrorts to develop 
of thre 
to the stud) ft 
organization and administr 


Selected for 
tionship between various 


behavioral science 
ifion 
discussion is th 
ittributes of 
organizations and thei consequences 


for group development, productivity 
ind othe: 
Through 


Profe SOI B imnes 


ind satisfaction of engineers 
technically trained employes 
comparative analysis 
hypothe sis contends that 

® Prof 


tively low 


} 


| 
ssionals tend toward rela 


nonwork activities. low in 
teractior nd low mutual friendship 
is thev strive to attain the values of 
science, « truth and knowledgs 

@ Organizationals tend toward rela 
tively high nonwork activities, high in 


high 


strive to attain the values 


teraction ind mutual friend 
ships as th 
of the 


organizational prestige, and social ac 


ganization, ¢.g., promotion 
ceptance 

® Socials tend toward relatively high 
ictivities, high 


nonwork interactions, 





and low mutual friendships as they 


strive to attain the values of good 


group membership, e¢.g., popularity 


and acceptance by higher status 


groups. 
Bevond 


these initial 


professionals tended toward highest 


predictions, 
engineering performance and toward 


lowest satisfaction. Organizationals 


tended toward highest satisfaction 
though ranking lower in job perform 
ince than professionals. Socials tended 
than 
professionals, though their job pet 


ranked 


toward higher job satisfaction 


formance was lowest in the 
department. 


Composite Materials and Com- 
position Structures 


Proceedings of the Sixth Sagamore Ordnance 
Materials Research Conference cosponsored 
by The Ordnance Materials Research Office 
and The Office of Ordnance Research of US 
Army. PB-161443. Office of Technical Services, 
Dept of Commerce, Washington 25, DC. 8/2 x 
11, 549 pp. $7 

‘his research conference, conducted 
in August 1959, was the sixth of a 
eries devoted to subjects on materials 
interest to the US Army 


Ordnance Corps. The 


of primary 
intent was to 
provide governmental and associated 
nongovernmental groups with an up 
correlated 


to-the-minute, picture of 


the fundamentals, the most recent ad 
vances and the probable future devel 
field ot 


metallurgical and mechanical behavior 


opments in the physical, 
of composite materials and composite 
structures. Special consideration was 
given to the theories, design require 
ments and fabrication techniques of 


metallic and nonmetallic composite 


materials and structures under con 
ideration for ordnance applications 
lhe scope of this conference included 
metallic 


plastics, laminated and other plastic 


composites, glass-reinforced 
structures and materials for ablating 


composites 


Chipless Machining 


CHARLES H WICK. Industrial Press, 93 Worth 
St, New York 13. 614 x 914, 502 pp. $10. 


Move the metal rather than remove 
it. This allows inherent 
materials. However, apparent economy 


continued on page 66 


Savings in 
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We fit FEL] 
Our experts in the Industrial Division 
will cut FELT to fit your specifications! 
“Available in Wool Felts or new Synthetic 
Fiber Felts — all weights, widths, colors, 
etc and made to SAE. and 
Federal Gov't. Specifications 
Large diversified inventory 
insures prompt delivery! 


Send for free folder 
of samples and 
applications of 
industrial Feit. 

Write for Booklet H-3. 
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BUSHINGS 


ELIEFS 
STRAIN _ — 


‘ 
The insulatin 


that anchor 


ring 


“ 
JUNCTION-TERMINAL ! 
BUSHINGS 

Eliminate ‘‘pig-tails Mi 

size. Sn n assembly 
number 

piug 

disconnect 


Fit curved surfaces 
Nylon bushing — brass tab 


Rit 


s tor holes from 
various insic 


x 
10 Size 
1%" aa nic 
™ Snap toc ks ' 
jiameters - 

panels up to > thick 


S! BUSHINGS OF 
Pe £e)') Ma lela ; 
HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 2, NEW JERSEY 





Know-How 
for 


Hire 


The “know-how” of 
sheet metal design and 
styling — engineering 
and construction — 
manufacture and ma- 
terials. 


W HETHER you are working on a current model or a brand 
new one, it will pay you, as it has so many others, to turn 
your sheet metal design and fabrication over to Stolper. The 


experience acquired in over 50 years will be used to give you 


just what you want. 


Hire Know-How — Call Stolper now 


STOLPER INDUSTRIES incorporaten 


306 PILGRIM ROAD 
MENOMONEE FALLS, WISCONSIN 


make a 
tough job easy 


Ask Allen to design, engineer 
and build a cab to match your 
machine. Diversified experience 
assures maximum safety, smart 
styling, effortless visibility and 
operator convenience at reason- 
able cost. Ask for more details 
— no obligation. 


ALLEN INDUSTRIAL PRODUCTS, INC. 


Division of Stolper Industries 
306 Pilgrim Road 
MENOMONEE FALLS, WISCONSIN 
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DESIGN LITERATURE 


from using less material is only one 
part of the over-all picture. Equip 
ment for these “chipless machining” 
processes generally cost more becaus¢ 
they are larger and heavier. They also 
consume more power. Offsetting 
these on the plus side is imcreased 
strength from cold work and a metal 
flow which follows the stress pattern 
to distribute stresses more favorably 

This comprehensive book includes 
the latest processes such as high-en 
ergy-rate and explosive forming, and 
gives their advantages and limitation 
and typical application 


Other Books of Interest 


Materials Research in the Navy—a 
Symposium 

2 vols. PB 161470, PB 161471. Office of Tech 
nical Services, Dept of Commerce, Washington 
25, DC. 8 x 10¥2; vol. 1, 386 pp, $6; vol 2 
377 pp, $5 


Power Transistor Handbook 


Technical Information Center, Motorola Semi 
conductor Products Inc, 5005 E McDowell Road 
Phoenix, Ariz. 5Y2 x 82, 200 pp. $2 


Standardization Activities in the 
United States — A Descriptive 
Directory 

Sherman F Booth Superintendent of Docu- 


ments, US Govt Printing Office, Washington 25, 
DC. 210 pp. $1.75 


Heat Conduction in Hollow Cylin- 
ders 


J E Hatch, R L Schacht, L U Albers, P G Saper, 
Supt of Documents, Govt Printing Office, Wash 
ington DC. 7% x 10%, 49 pp. 50¢ 


Graphical presentotion of difference solutions 
for transient radial heat transfer at the in- 
ner radius and finite slabs with heat transfer 
at one boundary 


ABSTRACTS 
FROM THE LITERATURE 


Cadmium-plated Springs 
Based upon the results of research 
sponsored by the US Army Signal 
Corps, Components Department, to 
determine optimum processing and 
plating procedures to minimize hy 
drogen embrittlement in plated steel 
springs. The data support the con- 
clusion that cadmium plating does 
not measurably embrittle spring steel. 
Harmful preplating treatments are 
described, along with an effective 
baking procedure to relieve embrit- 
tlement. The slight sensitivity of 


continued on page 70 
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(What's wrong with this picture ?) 


Are your mailboys working with better 
equipment than your engineer-draftsmen? 


Your mailroom equipment is expensive 


but, because it does essential work, 
it pays off. However, you may be 
badly handicapping some of yout 


most skilled, professional talent 


your drafting men—if they’re still 
working with antiquated, inadequate, 


uncomfortable equipment. 


Your draftsmen, your productivity, deserve new Hamilton 
space-and-time-saving equipment—from Keuffel & Esser Co. 








For its cost, Hamilton drafting equipment will produce 
more marked improvement in efficiencies than any othe 
equipment cxpenditures in your plant 


It steps up productivity—directly and unmistakably 

because: (a) construction and design features insure greatct 
accuracy, consistent performance; and (b) anatomy- 
conscious design greatly reduces fatigue, permits the exact 
work positions and heights best suited for individual jobs. 


Hamilton equipment continues to deliver this superior case 
and performance, because it is so carefully constructed, of 
such quality components, that it outlasts ordinary equip- 
ment by many years. It sfays modern, because it totally 
conforms to individual needs 
; . th Hamilton De Luxe Auto-Shift Table 
Shown here are three of the many products in the complete You'll get peak productivity and greater work quality from 
Hamilton line. Learn about the many other units Hamilton your board men when equipped with the new Auto-Shift. It 
offers. Our expert planning personnel can be of considerable is considerate of comfort, and delivers wide flexibility of 
assistance, suggesting the arrangements best for you. adjustments, 
Perfect, fully seasoned drawing surface; front-to-back f 
in full-width drawers; stylized leveling legs . . . many 
Hamilton Interlocking Plan Files functional and styling features 
Provide greater protection, accessi- 
bility, and classification. Assembly Hamilton L-Contour Table 
shown includes (top to bottom) 5- While occupying very small 
drawer unit for semiactive material, space, this table provides 
10-drawer section with tracing lifter man-sized, fully eomfortable 
that makes every sheet as accessible work area. Board fully adjust- 
as atop sheet, and two vertical drawer able from horizontal to verti- 
units, Interlocking roll tracing unit cal. Working surface excep- 
also available, Interlocking caps and tionally stable, perfectly 
bases, with latter available for variety balanced. Many other 
of stack heights. Rugged construction, features—plus the quality of 
smooth drawer action, trim beauty. construction found only in 
Hamilton equipment. 


Pees ae eee ae ee ene ane eee ease 


KEUFFEL & ESSER CO., Dept. P-11, Hoboken, N. J. 


Please send me your catalogue on Hamilton Drafting Room 


KEUFFEL & ESSER Co. 


New York * Hoboken, N. J. * Detroit + Chicago * Milwaukee * St. Louis - Dallas * Denver 


Son Francisco * Los Angeles * Seattle * Montreal 


Equipment 
NAME 


TITLE 


DRAFTING, REPRODUCTION, SURVEYING EQUIPMENT & MATERIALS * SLIDE RULES 
MEASURING TAPES * OPTICAL AND METROLOGICAL SYSTEMS AND COMPONENTS 


COMPANY 


ADDRESS 
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Alcoa pressure-bonds 


ALUMINUM TO STAINLESS 


for the advantages 
of both! 


Buckeye Division of Mardigian Corporation 
designs fast, even heating—easy cleaning 
into its new ‘‘Cordon Bleu’’ cookware line 


\lcoa pressure bonding inspired an entirely new line 
of quality cookware by the Buckeye Division of 
Mardigian Corporation. ““Cordon Bleu”’ gains the ad- 
vantages of both metals: aluminum’s high conductivity, 
corrosion resistance and light weight; the strength and 
density of stainless. 

Heat and pressure combine to adhere aluminum to 
stainless in a die without flux or molten metal. The 
result is a bond of strength, ductility and integrity. 

Alcoa’s patented process forges many bimetallic 
unions: aluminum to carbon and alloy steels, to copper, 
to alloys of itself. Complex shapes are no longer a 
problem. Here disks cut from aluminum plate flowed 
up and around radii during bonding. Other processes 
start with cast aluminum slugs. 

Design possibilities abound for this unique pressure- 
bonding technique. Want more data, design help, 
feasibility evaluation? Call on your nearest Alcoa 
sales office, or write: Aluminum Company of America, 
908-L Alcoa Building, Pittsburgh 19, Pa. 
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ALCOA ALUMINUM 





A 


ALUMINUM COMPANY OF AMERICA 
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THE SPIRAL COIL * 


makes SPIROLA true spring PIN 


SPIROL PIN is a spirally coiled metal strip 
that acts like a true spring. When the pin ts 
compressed into a hole, the radial tension is 
distributed uniformly throughout the spiral 
coils. There is no concentration of stress along a 
fragile “hinge line”. This real coil-spring action 
permits wider plus-and-minus hole tolerances 
... ¢liminates precision reaming . . . works 
successfully with /ow-cost non-heat-treated 
metals. SPIROL’s greater resilience increases 
shear strength, shock and vibration resistance. 


FREE! Write for literature on Spirol Pins. 


SPIROL «* PIN 


} C.£.M. COMPANY, INC. « 42 SCHOOL ST. + DANIELSON, CONN 


"Seg yee” 
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SPIROL offers the widest range of 


flexibility, tension, and strength 


HEAVY DUTY 


For applicatio 
j an ch 








MEDIUM DUTY 


fl lexibility enables 
pins to absorb 
on. Have ad 
r strength for + 


f applications 





LIGHT DUTY 


Recommended for use 
oft and brittle mater 
where the allowable bearing 
oads are low 
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DESIGN LITERATURE 


spring steel to delayed fracture ic 
fatigue failure, and the 
several test 


efficacy of 
methods for hydroge 
embrittlement are established 
Hydrogen Embrittlement of Cadmium Plated 
Spring Steel,” J. A. Gurklis, L. D. McGraw and 
C. L. Faust, Battelle Memorial Institute. Plating 
Oct ‘60. American Bldg, 443-445 Broad Si 
Newark 2, NJ 


Fluid Power 


Some fluid-power calculations are 
given under the following headings 
Cylinder speed and pump flow, horse 
sower required, fluid-line size, and 
wall thickness 
“Mathematics of Fluid Power Simplified,” by 
T. H. Beard, Fluid Power Lid. Design Engi 


neering, Oct ‘60, 481 University Avenue 
Toronto 2, Canada. 


Testing Reinforced Plastics 

The range of tensile-impact Strength 

ilues for a representative group of 
molded premix and laminated rein 
forced plastics is given in this paper 
Data was collected for presentation to 
try to stimulate an increased interest 
in the use of the tensile-impact test 
is a tool for control testing of molded 
ind laminated parts. 

A practical test method that pick 
up greater differences between mate 
rials than does the Izod impact test 
is described. 

“Tensileimpact Measurements on Reinforced 
Plastics,” by R. H. Calderwood and A. J. Bush 


Westinghouse Electric Corp. Plastics Technology 
Sep ‘60, 630 Third Avenue, New York 17 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be 
low, circle corresponding number on post 
ard inside back cover. For those catalog 
and bulletins available only when requested 
»n company letterhead, see page 73 


FASTENERS—Catalog CK-17, 28 pp 
labulates dimensions and illustrates bolts 
ind nuts, cap and machine screws, washers, 
otter pins, nails and tacks, escutcheon 
pins, rivets. Available metals and alloys 
ire listed, along with description of nickel 
silicon heat-treatable alloy used throughout 
line. Chase Brass & Copper Co, Water 
l 20, Conn 


Circle 350 on Reader Service Card 


ELECTRICAL, HYDRAULIC, ME 
CHANICAL EQUIPMENT — Catalog 
591, 54 pp. Presents specifications, techni 
al drawings, suggested uses and prices of 
government surplus and newly-manufac 
tured air compressors, generating plants 
uc-de, hydraulic control valves, cylinder 
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moto pump Include schematu ol 
typical hydraulic circuit 
Co, Dept 601, 1139 
Chicago 

Circle 351 on Reader Service Card 


Groban Supply 
S Wabash Ave 


SPRING FASTENERS—Catalog, 13 pp 
Illustrates and gives dimensions of standard 
ind special twin-prong or cone type un 
pression fasteners in flat, push-on, J and | 
types. Tabulates style, screw or stud 
data for quick selection. Shows tensile and 
torque values. George K. Garrett Co, In 
Dept 216, Torresdale Ave at Tolbut St 
Philadelphia 36 

Circle 352 on Reader Service Card 


POWER SPRINGS—Booklet, 10 pp 
Describes spiral, crosscurved, stainless and 
integral band (with and without bridk 
types and their uses in timing and record 
Outlines 
pring nomenclature and various ends and 
1s. Sandvik Steel Inc, Spring Dept 
Nevins Rd, Fair Lawn, NJ 

Circle 353 on Reader Service Card 


ing devices and other products 


enters 


| 


MECHANICAI HYDRAULIC TUB 
ING—Brochure T-459, 6 pp. Cover 
electric-resistance-welded carbon _ steel 
mechanical tubing, as well as cylinde: 
tubes produced under continuous ult 
sonic inspection and JIC hydraulic lin 
tubing. Details tube characteristics. Tub 
ular Products Div, Babcock & Wilcox Co 
Reaver Falls, Penna 

Circle 354 on Reader Service Card 


!LEXIBLE CUSHION COUPLINGS 
Bulletin 901, 20 pp. Discusses applica 
tions and misalignment accommodations 
nade by standard, high speed and flywhee! 
types. Includes tables for selecting proper 
Dodge Mfg Corp, Mishawake, Ind 
Circle 355 on Reader Service Card 


QUADRANT CON TROL -— Bulletin 
3400-9-60, 44 pp. Describes operation and 
design of infinite-positioning, self-locking 
model. Illustrates possible configuration 
ind alternate positions. Adams Rite Mfg 
Co, 540 W Chevy Chase Dr, Glendale 4 
Calt 

Circle 356 on Reader Service Card 


SINGLE-TURN POTENTIOMETERS 
Bulletin 604, 4 pp 
mechanical and electrical data on four 
series, including both servo and bushing 
types. Graphically illustrates power rating 
and provides dimensional drawings 
Duncan Electronics Inc, Box 1953, 1305 
Wakeham Ave, Santa Ana, Calif. 
Circle 357 on Reader Service Card 


Presents general] 


!RANSDUCERS—Folder, 8 pp. Offer 
specifications, performance characteristics 
circuitry and price information on strain 
gages and multipliers, load cells, force and 
high sensitivity washers, and position 


transducers. Lockheed Electronics Cx 


\ , & Industrial Products D 
KR indolph St, Los Ange les 22 
Circle 358 on Reader Service Card 


DRAWING AND MEASURING 
INSTRUMENTS—Catalog G, 120 pp 
Covers over 250 items for drawing, draft 
ing, engineering and graphic arts field 
including advanced drawing sets, tem 
plates, drafting materials, computing and 
Include 
Winds 


measuring devices, magnifier 


rice list. Alvin & Co In 
Circle 359 on Reader Service Card 


HIGH-TEMPERATURI ALLO 

PROPERTIES—Booklet F30, 134, 19 pp 
Compares physical, mechanical and chem 
il properties and stress rupture strengt! 
f 17 wrought and cast alloys in sheet, ba 
ind and investment astings Charts proj 


i Dp 


temperatures. Hayt 
Stellite Co, Dis ) 


of Union Carbid 
Park Ave, New York 17 
Circle 360 on Reader Service Card 


DRIVES, MOTOR MOUNTS—Booklet 
"100, 33 pp. Tabu) ites speeds, load capa 
ties, dimensions, and V-helt and sheav 
elect 


tions * 


wr shaft and flange-mounted 


illustrate 
arrangements for pre-drilled 
Falk Corp, Box 492, Mil 


drives Also discusses and 

inting 
motor mount 
} 


Circle 361 on Reader Service Card 


uk 


STEP-FUNCTION SPEED REDUCERS 
Fact sheet folder, 10 pp. Describes 
ind 1U-speed units used in instrument 
prototype breadboard 
Schematic: 


and = test 


demonstrate how  variou 


design requirements have been met. Ins 
Co, Div Barry Wright Corp, Main St 
Groton, Mass 

Circle 362 on Reader Service Card 


SELECTIVE PLATING—Bulletin | 
pp Describes 


process which confine 
plating to as small or large an area a 
required. Also outlines techniques, avail 
ible equipment, and metals and alloys 
including binary or ternary) which can be 
deposited. Selectrons Ltd 20 Sth Ave 
~ York 3% 


Circle 363 on Reader Service Card 


!'UBING STEELS—Bulletin T-456, 4 pp 
Describes standard carbon, alloy and stain 
less tubing for 
elevated temperature and/or pressure 
service. Lists for ready reference ASTM 
tubing and pipe specifications by number 
ind title. Tubular Products Div, Babcock 
& Wilcox Co, Beaver Falls, Penna 
Circle 364 on Reader Service Card 


corrosion-resistant, and 


MACHINE-TOOL MOTOR-GENER 
ATORS—Bulletin GET-3064, 6 pp. Con 
tains operating characteristics and typical 
onnection and dimension diagrams of 
continued on page 
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HYDRAULIC FILTERS 


STANDARD RESERVOIR TYPE— 7 sizes 

. 5 to 50 gallon capacity and larger 
sizes on special order. 
MONO-BILT — Standard, All 
Steel in 7 sizes . . . 5 to 50 gallon capac- 
ity and larger sizes on special order 
MONO-BILT — 60 Mesh Sump Type in 
7 sizes ...5 to 125 gallon capacity 
MONO-ECONO Specially Mono-Bilt 
with Monel Metal Insert Cadmium 
plated top and bottom. 9 sizes 5 to 
150 gallon capacity 


Stainless 


| MONEL METAL 
INSERTS 
Line Type 
HYDRAULIC 
FILTER 


3 sizes 52 8 


allon, 8 gallon and 10 gal 


lon capacity 


Send for descriptive circulars 


(| APITAL 


ENGINEERING & MFG. CORP. 


5836 South Ashland Avenue, CHICAGO 36, ILL. 
CIRCLE 207 ON READER SERVICE CARD 


WORM GEAR 
SCREW JACKS 
by JOYCE 


~NEW! 


For... 

Pressure and Torque Applications 
Actuating 
Conveyor Adjustments 
Machine Adjustments 
Leveling Systems 
Welding Positioners 
Jigs 
Testing Equipment 


by 
Wy eg. 


<4 

\ 
4 
4 


Models, one ton and up. Can be driven by 
motors or manually operated . synchronized 
by interlocking shafting and gear boxes. Various 
screw attachment heads available ... also 
Stainless steel or hollow screws. 

SEND COUPON FOR FOLDER Topay! 


SCF. Se Ge Oe Gee ea.@ 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 
Rush folder on Worm Gear Screw Jacks! 


NAME _ ~ 7, 


COMPANY 


ADDRESS 
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SPRING & FUSE CLIPS, 
LOCK WASHER TERMINALS 


Order from Zierick stocks 
for quick delivery New 
terminals with #4, 6, 8 
holes, spring and fuse 
clips made from .018 
brass or phosphor 
bronze, hot tinned. 
Special parts quoted 
from sketches or 
blueprints. Produc- 

tion on our up- 

right presses or 
multi-slide ma- 

chines. Over 

500 stampings 

ond wire 

forms to 

choose 

from. 


Lugs @ Clips © Terminals 
Wire Forms from Stock 


Send for your copy of 
Zierick catalog No. 22 TODAY! 


112 Beechwood Ave., New Rochelle, N. Y. . 
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NEw Rochelle 6-8520 








MODULAR 


POWER & 
UNITS 


CONTROL 
BOTH 
SPEED AND 
DIRECTION 


On this Scoopmobile ‘‘Mixermobile,”” a FUNK Revers-O- 
Matic® Drive instantly and smoothly changes both speed 
and direction of travel with just one lever. 


e 


The FUNK torque converter automatically adjusts power 
to speed and load. A 4-speed transmission helps hustle 
heavy loads. 

Just one example of how FUNK MODULAR POWER UNITS 
may be combined — in an unlimited number of arrangements 
— without special engineering costs. 

Let FUNK help solve your power transmission problem 





Box 577-D 
Coffeyville, 


Kansas 
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DESIGN LITERATURE continued 


models Also 
cial design and performance data, includ 


two 250 v ck presents spc 


ing curves for output current and voltage 
at various control field excitation values 
Electric Co, Schenectady 5 

Circle 365 on Reader Service Card 


General 


NYLON CABLI 
rR3, 4 pp 


ties and straps, and gives instructions for 


MES, STRAPS—Bul 


letin Describes 11 types of 


securing tool or hand-installed ties around 
wire bundles. Specifications are tabulated 
Thomas & Betts Co, 36 Butler St, Eliza 
beth, N] 

Circle 366 on Reader Service Card 


SYNCHRO, RESOLVER SPECIFICA 
PIONS—Condensed catalog, 4 pp. List 
by function over 100 precision 
svnchros and 24 


ontrol 
and torque resolvers 


Frame size type number government 


designation, frequency voltage rating 
applicable MIL spec and outlin 
drawing ar¢ for each. \ 
Corp, 125 Old Country Rd, Carl 


NY 


rcCuTACY 
rmitron 


Place 


given 


Circle 367 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 
Manufacturers who published 
iterature asked that 
made on company letterheads 
ELECTRON ‘'TUBES—Condensed 
CCS860, 25 pp Describe 


17 twp including 


requests fe 


atalog 
ind tabulates 
cold 


klystrons 


basic specs on 
tubes iwnitrons 


athode trigger 
thvratron n 


nowe and 
Corp 


magnectrons 
rectifier diodes. Amperex Electron 


Duffy Av Hicksville, NY 


ELECTRONIC PRODUCTS News 
letter, 4 pp First issuc 
ition reports and review 


interest to 


f monthly publi 
electronic prod 


ucts, plas news of engineers 
mployed by original equipment makers 


Milgray-New York, 136 Liberty St, New 
York 6 





PRODUCT ENGINEERING - NOVEMBER 28, 1960 





) ere - © 


~ BUILD A BETTER — 
PRODUCT, 
| MAINTAIN QUALITY, 


CUT COSTS..... 
USE 


MERRIMAN 
POWDERED METAL 
PARTS 


PRECISION MADE — 
HIGHEST QUALITY — 
DIMENSIONALLY PERFECT 


Merriman, originators of sintered 
helical geors, offer high density, 
Precision structural ports from 
powdered meto! in Brass, Bronze, 
Copper, Nickle Silver, Steel, iron 
and tron Alloys. Complete design 
and engineering service available. 
WRITE FOR CATALOG AND COMPLETE 
INFORMATION. 

POWDERED 


METAL DIVISION 


MERRIMAN BROS., INC. 


REPRESENTATIVES IN PRINCIPAL CITIES 


100 Beach Road, Massapequa, Lt. |., N. Y. 793 Laurelton Rd., Rochester 9, N. Y. 
CIRCLE 210 ON READER SERVICE CARD 


K & T'S MILWAUKEE-MATIC 


FEATURES BEAVER BALL SCREWS 


it’? Xx ne T aT 

aaded -Beave 

CISIOI essential 
of Kearney 


Ositioning 


Seaver 
Drecision 
f Droducts 


ry INC. 
@ CLAWSON, MICH. 


; they are 


feslelaasiilce| 
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INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 


(i 
lea Ing ter read t dvertisement classified WORK DETAILED INFORMATION 


oducts can he ined hy no the READER SERVICER CARD 


time Is | 


Actuators 
Mechanical Lubricating Equipment 


Adhesives ’ 
Was p Aluminum Alloys 
* M 


Metal Forming 
do Moldings 
Plastics (see Plastic Parts) 
Powdered Metal (see Powdered 
. » : = Electric Metal Parts) . 
of them read at 20 of their ca Bushings id e al per s 
rm ‘ . otors, - 
pacity Threugh “How to Cut Bushings, Strain Relief Fractional nets Gictees 
, T ~ >? Cun integral 4th C 
Your Reapinc TIME,” a free eaenere D-c over 
McGraw-Hill brochure issued in atone ath Cover 
r over 
collaboration with The Reading Motors, Hydraulic 58-59, 62-63 


c 











\y 


But now executives can 


something about the fact that most Brakes 


Laboratory, Inc., executives like 
yourself can double the pace of Chemical Treatments 56 
. Clutches 
their reading, and boost their Electrical 64 
Coatings 26, 56 

comprehension, too Controls 

This booklet teaches you how, Hydraulic 58-59, 62-63 

instead of reading like 
this (word reading) you can 
train yourself / to double your —_ - 
reading speed by reading like Pins 

5 Deep Drawing Plastic Parts 54.55 


this/ (phrase reading)! But that's Drafting Demsdered Metal Parte 
not all Machines . Production Services (see also Engi 
, Supplies neering Services) 
“ rTroC Tou ADING TIME” Drives Pumps 
How to Cur Your READIN Tr 1 Right-Angle ‘haute oe Genke 08 
also teaches good reading habits Vacuum 


by training the reader to cast his 
eye down an imaginary column in 
the center of each paragraph. This E 
practice (columnar reading) al- Regulators 
Engineering Services (see also Pro Pneumatic 
lows the eyes to take in more at duction Services) 66 Relays 
Extrusions Reproduction Equipment 
Nonmetallic 54.55 Reproduction Supplies 
speed remarkably Rubber 


Too, the booklet teaches the 
technique (indenting) of reading 


a glance and increases reading 


by stopping the movement of the F 
we thafdes the tan » i 
“7 efore the be witune- 2 and the Fabricated Stee! (see Sheet Fabricated) Screws 
end of each line of type. This trick Fastening Methods 6% Sealers 

: , Feit 65 Seals 3rd Cover, 54 
of reading eliminates the time- Filters Sheet Fabricated 


‘ons a > ; > eve Air 61 Spinning 
consuming wandering of the ey Hydraulic 72 Stampings 
into the margin, common when Fittings, Hose, Pipe & Tube 25 Steel 
Coated 
one reads to the very end of a 
line from the very beginning 
Quick reading goes hand in 
hand with high comprehension 
and high business efficiency. “How ) a Timers 
. pa °° ears ~- 
ro Cur Your Reapinc Trime”’ is sc ttiae cn 
published by McGraw-Hill as a 
service to help busy executives in 
business and industry. Send to- 
day for your free copy to: Hose & Tubing 
READING ENCOURAGEMENT = "”"*8"" F's 
McGraw-Hill Publishing Co., Inc. 


330 West 42nd St,New York 36, N.Y, Wire Cloth 22 


72 Wire Forming 72 


Vaives 
Air 
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EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 


lising rate 


Ising a 


UNDISPLAYED RATE 
$2.10 per line 


| minimum 3 lines. Position 
Wanted ads in this style % the above 
rate. To figure advanced payment count & 


average words to a line 








ENGINEER — BUSINESSMAN 


leaving soon for Tahiti and South Sea Ports 
Should you need engineering or sales repre 
sentation there, Write 


BO 5619, | 


& Post 8 Sa 








Your Inquiries to Advertisers 
Will Have Special Value 


u—the advertise and 
wntion this publication 
y this evidence of the pul 
ed advertisers ¢ 











CLASSIFIED ADVERTISING 
F. J. Eberle, Business Mer 


EMPLOYMENT OPPORTUNITIES 
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NOW ready 


combined reprint on 


HUMAN ENGINEERING 


Fourteen articles from recent 
issues of Product Engineer- 
ing plus a complete bibliog 
raphy of reference data are 
included in a new 44-page 
combined reprint now 
available. Each article is 
reproduced in full with all 
original text, tables, illustra 
tions, and diagrams. Price 
is $1.50 each, including post 
age. Send orders with re 


mittance to 


Reader Service Dept 
PRODUCT ENGINEERING 
330 W 42nd St. New York 36 











76 


“THIS GEAR WILL GIVE 
MY DRIVE HIGHER SPEED 
PLUS LONGER LIFE...” 


Utilizing the modern facilities in our newly equipped plant, higher speed and longer 
life are just two of the advantages that you will get with Philadelphia’s revolutionary 


precision grinding technique. 


initial cost than conventional gearing. 


HIGHER SPEEDS 


Dynamic load factors are materially 
reduced. Your equipment can operate 
at higher speeds with increased load 
carrying capacity 


LONGER LIFE 


Extreme accuracy of profiles, profile 
spacing and surface finish eliminates 
“running-in’’ periods and resulting 
weor. 


Very often these advantages are available at no more 


REDUCED NOISE AND VIBRATION 


Reduced tooth to tooth errors, accu 

mulated pitch errors, and total com- 

posite errors give smoother contact 
reduce noise and vibration 





REDUCED BACKLASH 


Precision ground gearing means re 

duced backlash for reversing drives 
plus uniform bocklash where pre- 

cision of movement is important 


phillie gear: 
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100% INTERCHANGEABILITY 


Duplicate units or spares can be in 
stalled with original manufacturing 
tolerances duplicated exactly. 


FOR MORE INFORMATION 


. investigate this mod 
ern technique. Send for 
our new bulletin, AN AD 
VANCED CONCEPT 
IN MODERN GEARS 


PHILADELPHIA GEAR CORPORATION 


King of Prussia 


(Suburban Philadelphia), Pennsylvania 
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PERSONAL READER SERVICE 


USE ATTACHED CARDS - » » Data on Materials and Components 
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special compounds 


National’s District Field Offices give you fast service on O-Ring 
engineering problems and O-Ring procurement. You talk with seasoned 
field engineers equipped with the latest O-Ring information and backed 
up by the plants of one of America’s largest sealing products manufac- 
turers. National O-Rings are precision-made, uniform in quality, specified 
and used by leading equipment manufacturers across America. 


NATIONAL SEAL 


Division, Federal-Mogu!-Bower Bearings, Inc 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Redwood City and Downey, California 


CALL YOUR NATIONAL FIELD ENGINEER 

Atlanta 8, Georgia: George W. Smith Company, 394 Williams St., N.W., JAckson 3-7140; Chicago (Franklin Park) Illinois: 

10013 West Grand Ave., Gladstone 5-4420; Cleveland 18, Ohio: 210 Heights Rockefeller Bidg., 3091 Mayfield Road at 

Lee, YEllowstone 2-2720; Dallas 19, Texas: Benson Engineering Company, 2514 West Mockingbird Lane, Fleetwood 

2-7541; Detroit 27, Michigan: 13836 Puritan Avenue, VErmont 6-1909; Indianapolis 5, Indiana: 2802 N. Delaware St., 

WAinut 3-1535; Kansas City (Prairie Village) Kansas: Benson Engineering Co., 2902 West 72nd Terrace, ENdicott 

2-2843; Los Angeles (Downey) California: 11634 Patton Road, TOpaz 2-163; Milwaukee 4, Wisconsin: 647 W. Virginia 

Street, BRoadway 1-3234; Red Bank, New Jersey: 16 Spring Street, SHadyside 7-3242; Wichita, Kansas: Benson 

Engineering Company, 519 So. Broadway, AMhurst 2-6971 6342 
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TWO-BEARING DESIGN maxes THESE 
EMERSON ELECTRIC MOTORS 


ldeal for Refrigeration 
fan applications 


Here's a two-bearing motor uniquely suited for refrigeration 
fan applications. It operates in any position with a min 
imum of bearing load, vibration and friction. It starts easily 
at low temperatures because of EMERSON ELECTRIC'S 
self-oiling, self-aligning bearings that act as soft metal 
sponges and remove oil from the shaft journal as the motor 
cools. It lubricates without felt wick or shaft groove and 
requires less than one-third the oil needed in solid sleeve 
designs; yet, its oil storage capacity is equivalent to 60° 
more than most other refrigerator fan motors. The self-align 
ing feature completely eliminates tight shaft problems 
EMERSON ELECTRIC will custom-engineer motors to 
meet your specific needs. Call us today you'll like our 
way of doing business! 


EMERSON ELECTRIC of St.Louis + Since 


\ N . r. 4 3 ¢ MoO ° 
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